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DESCRIPTION 

BIOSENSOR, THIN FILM ELECTRODE FORMING METHOD, 

QQANTI~ICATION APPARATUS, AND ,~QUANTIFICATION METHOD 

TECHNICAL FIELD 

The present invention relates to a biosensor which 

quantifies a substrate included in a sampl~ liquid, a thin film 

electrode formin9 method suitable at the manufacture of this 

biosensor, as well as a quantification apparatus and a 

quantification method using the bioserisor and, more 

particularly, to a biosensor which provides a low manufacture 

error and a stable performance, a thin film electrode forming 

method used in manufacturing electrodes of the biosensor, as 

well as a quantification apparatus and a quantification method 

using the biosensor. 

BACKGROUND ART 

A biosensor is a sensor which utilizes a molecule 

recognizing capacity of a biological material such as 

microorqanisms, enzymes, antibodies, DNA, and RNA and applies a 

biological material as a molecular discrimination element to 

quantify a substrate included in a sample liquid. That is, the 

substrate included in .the sample liquid is quantified by 

utilizing a reaction which is caused when a biological material 
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recogni2es an objective. substrate, such as an oxygen 

consumption due to respiration of a microorganism, an en2yme 

reaction, and a luminous reaction. Among various biosensors, 

an enzyme sensor has progressively come into practical use, and 

an enzyme sensor as a biosensor for~·for example, glucose, 

lactic acid, cholesterol, ·and amino acid is utilized in ·the 

medical diagnostics or food industry. This enzyme sensor 

reduces an electron transfer agent by an electron which is 

generated by a reaction of a substrate included in a sample 

liquid as a specimen and enzyme or the like, and a 

q~antif ication apparatus e1ectrochemically measures a reduction 

quantity of the transfer agent, thereby performing quantitative 

analysis of the specimen. 

Various models of such biosensor are proposed. 

Hereinafter, a biosensor z as a conventional biosensor will be 

described. 

Figure 2l(a) is an exploded perspective view of a 

biosensor z and figure Zl{b~ is a diagram i1lustrating a 

structure of an electrode part formed at the tip of the 

biosensor z. 

The biosensor z has its respective members which are 

bonded in positional relationships shown by dotted lines in 

figure 21 {a). 

The electrode part of the biosensor Z is formed through 

three printing processes as described below. 
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In the first process, a silver paste with a high 

electrical conductivity is printed on an insulating support 

1101 by a screen printing method and dried to form electrode 

lead parts 1102a and ll02b. 

In the second process, a carbon paste is printed on the 

electrode lead parts 1102a and 1102b·and dried to form a 

counter electrode 1103a and a working electrode 1103b. ~he 

working electrode 1103b is located inside the ring-shaped 

counter electrode ll03a, and the counter electrode ll03a and 

the workinq electrode 1103b is in contact with the electrode 

lead parts 1102a and 1102b, respec~ively. 

In the third process, a insulatinq paste 1104 as an 

insulating material is printed on the counter electrode llOJa 

and the working electrode 1103b and dried to define areas of 

the counter electrode 1103a and the working electrode ll03b. 

A reagent including en2yme or the like is applied to the 

counter electrode 1103a and the working electrode l103b which 

are formed on the support 1101 as described above, whereby a 

reagent layer 1105 is formed, and a spacer 1106 having a cutout 

part ll06a tor forming a specimen supply path and a cover 1107 

having an air hole 1107a are further laminated thereon and 

bonded. One end of the cutout part ll06a of the spacer 1106 

leads to the air hole 1107a provided in the cover 1107. As 

shown in figure 21{b), the arrangements of the counter 

electrode 1103a and the working electrode 1103b which are 
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formed on the support 1101 are such that the counter electrode 

ll03a is located at a.position nearest to an inlet 1106b of the 

specimen supply path and the working electrode 1103b and the 

counter electrode 1103a are located_ in the inner part thereof. 

A description.will be given of a method for quantifying a 

· substrate in a sample liquid in the so-constructed biosensor z 

with reference to figure 2l(b). 

The sample liquid (hereinafter, also referred to as 

nspecimen") is supplied to the inlet 1106b of the specimen 

supply path in a state where a fixed voltage is applied between 

the counter electrode 1103a and the working electrode 1103b by 

a quantification apparatus (hereinafter, also referred to as 

nmeasurin9 devicen) connected to the biosensor z. The specimen 

is drawn inside the specimen supply path by capillary 

phenomenon, passes on the counter electrode 1103a nearer to the 

inlet 1106b, and reaches to the working elec-trode ll03a, and a 

dissolution of the reagent layer 1105 is started. At this 

pain~ or time, the quantification apparalus detects an 

electrical change occurring between the counter electrode ll03a 

and .the working electrode l103b, and starts a quantification 

operation. In this way, the substrate included in the sample 

liquid is quantified. 

Since this biosensor z has variations in output 

characteristics for each production lot, it is required to 

correct variations in the output characteris~ics in a measuring 
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device for practical use. A conventional method for coping 

this will be described below. 

Figure 22 is a diagram illustrating a state where the 

biosensor z is inserted in a measuring device. Numeral 4115 

denotes a measuring device in which the biosensor z is inserted. 

Numeral 4116 denotes an opening of the measuring device 4115, 

into which the·biosensor z is inserted. Numeral 4117 denotes a 

display part of the measuring device 4115 for displaying a 

measuring result. 

The measuring device 4115 has correction data according to 

the output characteristics for each production lot, and 

subjects an output of the biosensor z to the correction which 

is reguired for each production lot to obtain a correct blood 

sugar level. Therefore, it is required to insert a correction 

chip (not shown here) which is specified for each production 

lot into the insertion opening 4116 of the measuring device 

4115 before the measurement, thereby designating the required 

correction data to the measuring device 4115. Tbe correction 

chip has in~ormation about the correction data to be used, and 

is inserted in the insertion opening 4116, whereby the 

measuring device 4115 prepares the required correction data. 

The correction chip is taken out from the insertion opening 

4116, the biosensor z is inserted in the opening 4116 of the 

measuring device 4115, and then the substrate included in a 

specimen is quantified as described above. The measuring 
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device 4115 to which a correction value is inputted as 

described above obtains a correct blood sugar level from a 

measured current value and correction data, and displays the 

blood suga~ leve.l at the display part 4117. 

The above-described conventional biosensor z has problems 

to be solved. 

First, in the biosensor z, a silver paste, a carbon paste 

or the like is printed on the support by the screen printin9 

method and laminated to define the area of the working 

electrode. Accordingly, the area of the working electrode 

varies with blurs or sags o:r: various pastes at:. t.he printing 

process, and it is difficult to make the uniform area of the 

working electrode. In addition, since the electrode structure 

is composed of three layers,· i.e., Ag, carbon, and insulating 

paste, it is very cornplicated and requires an advaneed printin9 

technique. Further, since the electrode part of the biosenso~ 

z consists of two electrodes, i.e., the working electrode and 

the counter electrode, when a quantification apparatus 

connected to the biosensor z app11·es a certain voltage between 

these two electrodes and an electrical change occurs, it 

detects that the specimen has reached the working electrode and 

starts measuring. However, it starts the measurement also when 

an immeasurably slight amount of specimen covers the working 

electrode. Thus, an incorrect display in the measured value 

occurs due to the shortage of the specimen quantity. In the 
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biosensor z, it is required to enhance wettability between a 

reaction reagent layer and a carbon electrode and improve their 

adhesion to increase sensor sensitivity. For that purpose, a 

polishing processing or heat processing to the electrode 

surface is conventionally performed after the carbon electrode 

is formed. However, this increases man-day, resultin9 in an 

increase in costs, or variations in polishing processing 

accuracy causes variations in the sensor accuracy. Further, 

the carbon paste used for the screen printing is generally a 

composite material which is composed of binder resin, graphite, 

carbon black, organic solvent and the like, and the paste 

characteristics are easily changed due to lots of respective 

raw materials, manufacturing conditions in paste kneading or 

the like. Therefore, it is required a strict control for mass 

manufacture of stable sensors, resulting in considerable 

troubles. 

Further, only by applying the reagent on electrodes for 

the reagent layer formation, the reagent cannot uniformly be 

applied on the electrodes because of the surface state of the 

electrode or a difference in the way in which the reagent 

spreads due to reagent liquid composition, whereby variations 

in the reagent quantity on the electrodes occur. That is, even 

when the same amourit of reagent is applied by dripping, 

v~riations in spread of the reaqent occur,· resulting in 

variations in position or area of the reagent layer. 1'heretore / 
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the performance of the biosensor z is deteriorated. 

Further, it is considerably troublesome to insert the 

correction chip for every measurement, and when it is forgotten 

~o insert the correction chip, a cor~ection chip for e~ample 

for measurin9 lactic acid value is inserted by mistake, or a 

correction chip which is . for measur.ing blood sugar level but 

has different output characteristics is inserted, there occurs 

an error in a measured result. 

The present invention is made to solve the above-mentioned 

problems, and has for its object to provide-a biosensor which 

can be for111ed by a simple manufacturing method and has a high 

measuring accuracy, a biosensor in which a reagent 1ayer. is 

disposed uniformly on electrodes regardless of a reagent liquid 

composition, resulting in an uniform performance, a biosensor 

which enables a measuring device to discriminate correction data 

for each produc~ion lot only by being inserted therein without a 

correction chip being inserted, a thin film electrode forming 

method for these biosensors, as well as a method and an 

apparatus for quantifying using the biosensors. 

DISCLOSURE OF THE INVENTION 

According to Claim 1 of the present invention, there is 

provided a biosensor for quantifying a substrate included in a 

sample liquid comprising: a first insulating support and a 

second insulating support; an electrode part comprising at 
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least a working electrode and a counter electrode; a specimen 

supply path for introducing the sample liquid to the electrode 

part; and a reagent layer employed for quantifying the 

substrate included in the sample liquid, and the electrode part, 

the specimen supply path, and the reagent layer exist between 

the first insulating support and tlie second insulating support, 

the specimen supply path is provided on the electrode part, and 

the rea9ent layer is provided on the electrode part in the 

specimen supply path, respectively, and the electrode part is 

dividedly formed by first slits provided on an eiectrical 

conductive layer whi.ch is formed on the whole or part of an 

internal surf ace of one or both of the first insulatinq support 

· and the second insulating support. 

Since a biosensor is constructed as described above, an 

electrode part can be defined easily and with a high accuracy, 

and variations in response of each biosensor can be reduced, 

resulting in a favorable respomse. Further, the electrode part 

is formed in a monolayer or e1ec.trical conductive 1ayer, 

whereby troubles can be reduced and an electrode part with a 

smooth surface can be formed by a simple method. Since the 

structure of the electrode part is quite simple, it is possible 

to easily form biosensors having the same performance. 

According to Claim 2 of the present invention, in the 

biosensnr as defined in Claim 1, the electrode part further 

comprises ~ detecting electrode. 
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Since the biosensor is constructed as described above, it 

is possible to make the biosensor have a better accuracy .. 

According to Claim 3 of the present invention, in the 

biosensor as detined in Claim 2, the·counter electrode is 

provided on the whole or part of tbe internal surface of the 

second insulating support, the working electrode and the 

detecting electrode are provided on the whole or part of the 

internal surface of the first insulating support, and the 

working electrode and the detecting electrode which are 

provided on the internal surface of the first insulating 

support are dividedly fanned by the firs~ slits provided on the 

electrical conductive layer. 

Since the biosensor is constructed as described above, it 

is possible to downscale a specimen supply path, whereby a 

measurement can be done with a slight amoun~ of specimen. 

According to Claim 4 of the present invention, in the 

biosensor as define in Claim 1 or 2, the electrode part is 

provided on the whole or part or the internal surrace of only 

the first insulating support, and the electrode part provided 

on the internal surf ace of the first insulating support is 

dividedly formed by the fist slits provided on the electrical 

conductive layer. 

Since the biosensor is constructed as described above, all 

of the electrodes are provided on the same surface, and thus 

the electrodes are formed only on one surface, resulting in an 
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electron transfer reacti..ons between the counter electrode as 

well a.s the detecting electrode and the working electrode are 

more reliably prevented to be rate-determined, thereby 

promoting the reactions smoothly. 

According to Claim 8 of the present invention, in the 

blosensor as defined in any of Claims 1 to 7, a spacer is 

provided which has a cutout part for forming the specimen 

sup~ly path and is placed on the e1ectrode part, and the second 

insulating support is placed on the spacer. 

Since the biosensor is constructed as described above, the 

position where the specimen supply path is provided is fixed, 

and the second insulating support is placed thereon, thereby 

preventing the specimen ·introduced to the specimen supply path 

from leaking from the specimen supply path. 

Accord1ng to Claim 9 of the present invention, in the 

biosensor as defined in Claim 8, the spacer and the second 

insulating support is integral. 

Since the biosensor is constructed as described above, the 

. spacer and the second insulating support is integral, thereby 

to enable a cost reduction and a simple manufacture. 

According to Claim 10 of the present invention, in the 

· biosensor as defined in any of Claims 1 to 9, an air hole 

leading to the specimen supply path is formed. 

Since the biosensor is constructed as described above, 

excessive air is discharged from the air hole when the specimen 
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is introduced to the specimen supply path, thereby reliably 

introducing the specimen to the specimen supply path due to the 

capil1ary phenomenon. . . 

According to Claim 11 of the present invention, in the 

biosensor as defined in any of Cla~s 1 to 10, the reagent 

layer is formed by dripping a reagent, and second slits are 

provided around a position where the reagent is dripped. 

Since the biosensor is constructed as described above, 

when the reagent is dripped on the electrodes for the reagent 

layer formation, thereby forming the reagent layer, the reagent 

spreads uniformly forming the reagent layer of a prescribed 

area at the prescribed position, w~ereby the reagent 1ayer free 

from variations in the position and area can be formed, 

resulting in a correct measurement free from the variations. 

According to Claim 12 of the present invention, in the 

biosensor as defined in Claim 11, the second slits are arc 

shaped. 

Since the biosenso£ is constructed as described above, ~he 

spread· of the reagent is defined by the slits which have the 

same ~hapes as Lhat of the reagent spread, thereby defining the 

area and the position of the reagent layer more correctly. 

According to Claim 13 of the present invention, in the 

biosensor as defined in· any of Claims 1 to 12, third slits are 

provided for dividing the electrical conductive layer to define 

an area of the electrode part. 
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Since the biosensor is constructed as described above, 

when the support is initially cut at the manufaoturin9 process 

of the biosensor, the area of each electrode i.s previously 

defined by the third slits, whereby the area-of each electrode 

does not change due to the cut posit~on of the support, thereby 

preventing variations in the accuracy. 

According to Claim 14 of the present inve~tion, in the 

biosensor as defined in Claim 13, shapes of the first 

insulating support and the second i.nsulating support·. are 

approximately rectangular, and one third slit or two or more 

third slits are provided in parallel with one side of the 

approximate rectangle shape. 

Since the biosensor is constructed as described above, the 

·area of each electrode can be defined easily by the third slits, 

and the area of each electrode does not change due to 

deviations o! the cut position when the support is cut, 

resulting in no variation in the accuracy. 

According to Claim 15 of the present invention, the 

biosensor as defined in any of Claims 1 to 14 has information 

of correction data generated for each production lot of the 

biosensor, which correspond to characteristics concerninq 

output of an electrical chan9e resulting from a reaction 

between the reagent liquid and the reagent layer and can be 

discriminated by a measuring device employing the biosensor. 

Since the biosensor is constructed as described above, the 
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measuring device can discriminate which the correction data is 

required, only by inserting the biosensor into the measuring 

device, and there is no need for a.~ser to input the 

information about the correction data employing a correction 

chip or the like, thereby removing t~oubles and preventing 

operatio·nal errors to obtain a correct resu1t. 

According to Claim 16 of the present invention, in the 

biosensor as defined in Claim 15, one or plural fourth slits 

dividing the electrode part are provided, and the measuring 

device can discriminate the information of the correction data 

according to positions of the fourth slits. 

Since the biosens·or is constructed as described above, the 

measuring device can discriminate the information of the 

correction data by the positions of the fourth slits, the 

correction data can be indicated correspondingly to plural 

production lots, the measuring device can easily discriminate 

which correction data is reguired, by inserting the biosensor 

into the measuring device, whereby there is no operat1onal 

trouble, resulting in preventing operational errors to obtain a 

correct result. 

According to Claim 17 of the present invention, in the 

biosensor as defined .i~ any of Claims 1 to 16, at least one or 

all of .the first slits, the second slits, the third slits, and 

the fourth slits are formed by processing the electrical 

conductive layer by a laser. 
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since the biosensor is constructed as described above, a 

high-accuracy processing is possible( the area of each 
. ::_"·'.· 

electrode can be defined with a hig:~ :·accuracy, and further the 
.·.:·.-.-·.: 

clearance between the respective el¢.~trodes can be narrowed, 
:".;~~-.:~·:~·;_. 

resulti.ng i.n a small-size biosensoiL.~ 
:.: ... _.: 

According to Claim i7 of the pt~sent invention, in the 

biosensor as defined in Claim 16, a slit width of respective 

one of the fist slits, the second slits, the third slits, and 

the fourth slits is 0.005 mm to 0.3 mm. 

Since the biosensor is constructed as described above, the 

C;:!learance between the respective electrodes can :t>e narrowed, 

resulting in a small-size biosenso:r. 

According to Claim 19 of the present invention, in the 

biosensor as defined in Claims 17 or 18, a slit depth of 

respective one of the fist slits, the second slits, the third 

slits, and the fourth slits is equaL to or larger than the 

thickness of the electrical conductive layer. 

Since the biosensor is constructed as described above, 

there can be obtained a biosensor in which the respective 

electrodes are surely separated. 

According to Claim 20 of the present invention, in the 

biosensor as defined in any of Claims 1 to 19, the reagent 

layer includes an enzyme. 

Since the biosensor is constructed as described above, 

there ~an be obtained an enzyme biosensor suitable tor an 
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inspection which employs the enzyme. 

According to Claim 21 of the present invention, in the 

biosensor as defined in any of Claims 1 to 19, the reagent 

layer includes an electron transfer· ~gent:.. 

Since the biosensor is constructed as described above, 

there cax1 be obtained a biosensor suitable for an inspection 

utilizing a reaction of the e1ectron transfer agent. 

According to Claim 22 of the present invention, in the 

biosensor as defined in any of Claims 1 to 19, the reagent 

layer includes a hydrophilic polymer. 

Since the biosensor is constructed as described above, 

there can be obtained a high-accuracy biosensor which can 

easily forll'I the reagent layer. 

According to Claim 23 of the present invention, in the 

biosensor as defined in any of Claims 1 to 22, the insulating 

support is made of a resin material. 

since the biosensor is constructed as described above, it 

is possible to manufacture a lower-cost biosensor. 

According to Claim 24 of the present .invention, there is 

provided a thin film electrode forminq method for forming a 

thin film electrode on a surface of an insulating support 

including: a roughened surface forming step of roughening the 

surface of the insulating support by colliding an excited gas 

against the surf ace of the insulating support in a vacuum 

atmosphere; and an electrical conductive layer forming step of 
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forming the electrical conductive layer as a thin film 

electrode which is composed of a conductive substance on the 

roughened surface of the insulating_support. 

Since the thin !ilm electrode.is ~ormed as described above, 

a preprocessing such as a surface polishing processing is not 

required, whereby it is possible to form the thin film 

electrode by a simpler method and to form the thin film 

electrode with high adhesion between the support and the 

electrode layer. 

According to Claim 25 of the present invention, in the 

thin film electrode forming method as defined in Claim 24, ~he 

roughed surface forming step comprises: a support placing step 

of placing the insulating support in a vacuum chamber; an 

evacuation step of evacuating the vacuum chamber; a gas filling 

step of filling up the vacuum chamber with a gas; and a 

colliding step of exciting the gas to be ionized and colliding 

the same against the insulating support. 

Since the thin film electrode is forJD.ed as described above, 

it is possible to form the support surface suitable for forming 

the thin film electrode more effectively and· reliably, thereby 

forming the thin· film electrode more effectively. 

According to Claim 26 of the present invention, in the 

thin ·film electro~e forming method as defined in Claim 25, a 

degree of the vacuum·in the evacuation step is within a range 

of 1x10-1 to 3X10-.s pascals. 
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since the thin fi1m electrode is formed as described above, 

it is possible to form the support surface suitable for forming 

the thin film electrode more reliably, thereby forming the thin 

film electrode more effectively. 

According to Claim 27 of .the pr~sent invention, in the 

thin film electrode forming method as defined in Claim 26, the 

gas is an inert gas. 

Sinoe the thin film electrode is £ormed as described above, 

the support surface can be made in a state suitable for forming 

the thin film electrode without denaturing the support surface. 

According to C1aim 28 of the present invention, in the 

thin film electrode forming method as defined in Claim 27, the 

inert gas is either a rare gas of argon, neon, helium, krypton, 

and xenon, or nitrogen. 

Since the thin film electrode is formed as described above, 

there can be formed the thin film electrode more reliably 

without denaturing the support surface. 

According to Claim 29 of the present invention, in the 

thin film electrode forming method as defined in any of Claims 

24 to 28, the electrical conductive layer forming step 

comprises: a second support placing step of placing an 

insulating support having an already roughened surface, which 

has been subjected to the roughened surface forming step, in a 

second vacuu-m chamber; a second evacuation step of evacuating 

the second vacuum chamber; a second gas filling step of rilling 
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up the second vacuum chamber with a second qas; and a step of 

exciting the second qas to be ionized and colliding the same 

against a conductive substance to beat out atoms of the 

conductive substances, to form a film on the insulating support 

havin9 the already roughened surface~ 

Since the thin film electrode is formed as described above, 

a preprocessing such as a surface polishing processing is not 

required and the thin film electrode with higher adhesion to 

the support can be obtained. 

Ac~ording to Claim 30 of the present invention, in the 

thin film electrode forming method as defined in any of Claims 

24 to 28, the electrical conductive layer forming step 

comprises: a second support placing step of placing an 

insulating support having an already roughened surface, which 

has been subjected to the roughened surface forming step, in a 

second vacuum chamber; a second evacuation step of evacuating 

the second vacuQm chamber; and a step of beating and 

evapora~inq a conductive substance to deposit steams as a film 

on the insulating support having the already roughened s~rface. 

Since the thin film electrode is formed as described above, 

a preprocessing such as a surface po1ishinq processin9 is not 

reqQired and the thin film electrode with higher adhesion to 

the support can be obtained. 

According to Claim 31 of the present invention, in the 

thin film electrode torming method as defined in Claim 29 or 30, 
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a degree of the vacuum in the second evacuation step is within 

a range of 1xl0-1 to 3X10-3 pascals.-

Since the thin film electrode is formed as described above; 

there can be more reliably formed the thin film electrode with 

remarkably high adhesion to the support. 

According t..o Claim 32 of the present invention, in the 

thin film electrode forming method as defined in any of Claims 

29 to 31, the second 9as is an inert gas. 

Since the thin film ele~trode is formed as described above, 

there can be formed the thin film electrode with high adhesion 

to the support without denaturing the support surface and the 

thin film electrode itself. 

According to claim 33 of the present invention, in the 

thin film electrode forming method as defined in Claim 32, the 

inert gas is either a rare gas of argon, neon, helium, krypton 

and xenon, or nitrogen. 

Since the thin film. electrode is formed as described above, 

there can be more reliably formed the thin film electrode with 

high adhesion to the support without denaturing the support 

surface and the thin film electrode itself. 

According to Claim 34 of the present invention, in the 

thin f i1m electrode forming method as defined in any of Claims 

29 to 33, the vacuum chamber and the second vacuum-chamber is 

the same chamber. 

Since the thin film electrode is formed as described above, 
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a facility for forming the thin film electrode can be 

simplified and thus the manufacturing cost of the thin film 

electrode can be reduced. 

According to Claim 35 of the present invention, in the 

thin film electrode forming method as defined in any of Claims 

29 to 34 1 the conductive substance is a nob1e metal or carbon. 

Since the thin film electrode is formed as described above, 

the thin film electrode is composed of not a composite material 

but a single substance material, thereby enabling a mass 

manufacture of stable electrodes, which is not influenced by 

the manufacturing condit.ions and which has a less difference in 

material lots. 

According to Claim 36 of the present invention, in the 

thin film electrode forming method as defined in any of Claims 

24 to 35, a thickness of a formed thin film electrode is within 

a range of 3 nm to 100 nm. 

Since the thin film electrode is formed as described above, 

the thickness or the electrode can be thinned as much as 

possible, thereby to enhance a production tact as well as 

reduce a manuf actur_in9 cost due to a reduction of the material 

cost .. 

According to Claim 37 of the present invention, in the 

biosensor as defined in any of Claims 1 to 23, the electrical 

conductive layer is formed by the thin film electrode forming 

method as· defined in any of Claims 24 to 36. 
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Since the biosensor is formed as described above, the thin 

film electrode reflects unevenness on the support surface which 

is processed into a roughened surface, so that the wettability 

and adhesiveness between the elect.rode and the reagent is 

enhanced, resulting in a high performance biosensor. 

According to Claim 38 of the present invention, there is 

provided a quantification method for quantifying, by employing 

the biosensor as defined in any of Claims 1· to 23 and 37, a 

substrate included in a sample liquid supplied to the biosensor 

comprising: a fist application step of applyinq a voltage 

between the detectinq electrode and the counter electrode or 

the working electrode; a reagent supplying step of supplying 

the sample liquid to the reagent layer; a first change 

detectinq step of detecting an electrical change occurring 

between the detecti~g electrode and the counter electrode or 

the working electrode by the supply of the sample liquid to the 

reagent layer; a second application step of applying a voltage 

between the working electrode and the counter electrode as well 

as the detecting electrode after the electrical chanqe is 

detected in the first change step; and a current measuring step­

of measuring a current generated between the working electrode 

and the counter electrode as well as the detecting electrode, 

to which the vol:tage is applied in the second application step. 

Since the quantification is performed as described above, 

the quantification operation is started when the electrical 
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·change occurs between the detectjng electrode and the working 

electrode or the counter electrode of the biosensor, thereby 

preventing measuring errors due to t~e shortage of the specimen 

amount supplied to the reagent. layer, resulting in a higher 

accuracy measurement. Further, when the measurable amount of 

specimen is supplied to the reagent layer, the measure111.ent is 

performed by using the detecting electrode also as the counter 

electrode. thereby making the area of the electrode part 

smaller, and thus a quantitative analysis based on a slight 

amount of specimen can be performed correctly. 

According to Claim ·39 of the present invention, there is 

provided a quantification method for quantifying, by employing 

the biosensor as defined in any of Claims 1 to 23 and 37, a 

substrate included in a sample liquid supplied to the biosensor 

comprising: a third application step of applying a voltage 

between the detecting electrode and the counter electrode or 

the working electrode as well as between the working electrode 

and the counter electrode; a reagent supplying step of 

supplying the sample 1iquid to the reagent layer; a first 

change detecting step of detecting an electrical ehange 

occurring between the detecting electrode and the counter 

e1ectrode or the working electrode by the supply of the sample 

-· liquid to the reagent layer; a second change detecting step of 

detecting an electrical chanqe occurring between the working 

electrode and the counter electrode by the supply o! the sample 
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liquid to the reagent layer; a second application step of 

applying a voltage between the working electrode and the 

counter electrode as well as the detecting electrode after the 

electrical changes are detected in the first change detecting 

step and the second change detecting;step; and a current 

measu~in9 step of measuring a current generated between the 

working electrode and the counter electrode as well as the 

detecting electrode, to which the voltage is applied in the 

· s~cond application step. 

Since the quantification is performed as described abov~, 

the quantification operation_ is started when the electrical 

change occurs between the· detecting electrode and the working 

electrode or the counter electrode of the biosensor, thereby 

preventing measuring errors due to the shortage of the specimen· 

amount supplied to the reagent layer, resulting in a higher 

accuracy measurement. Further, when the measurable amount of 

specimen is supplied to the reagent layer, the measurement is 

performed by using the detecting electrode also as the counter 

electrode, thereby making the area of the electrode part 

smaller, and thus quantitative analysis based on a slight 

amount of specimen can be performed correctly. 

According to Claim 40 of the present invention, in the 

quantification method as defined in Claim 38 or 39, the second 
"· 

change detecting step is followed by a no-change informing step 

of informinq a user that no change occurs when it is detected 
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that no electrical change occurs between the detecting 

electrode and the counter electrode or the working electrode 

for a prescribed period of time. 

Since the quanLification is performed as described above, 

it is possible to inform a user that.there is a shortage of the 

spec:imen amount supplied to the reagent layer of the biosensor, 

resulting in the quantification method with enhanced 

convenience and safety. 

According to Claim 41 of the present invention, there is 

provided a quantification apparatus, to which the biosensor as 

defined in any of Claims 1 to 23 and 37 is detachably connected 

and which quantifies a substrate included in a sample liquid 

supplied to the bio~ensor comprising: a first current/voltaqe 

conversion circuit for converting a current from the working 

electrode included in the biosensor into a voltage; a first A/D 

conversion circuit for digitally converting the voltage from 

the current/voltage conversion circuit; a first switch provided 

between the counter electrode included in the biosensor and the 

ground; and a control part for controlling the %ist A/D 

conversion circuit and the first switch, and the control part 

applies a voltage between the detecting electrode and the 

working electrode in a state where the first switch is 

insulated from the counter electrode, detects an electrical 

change between the detecting electrode and the working 

electrode occurring by the sample liquid which is supplied to 
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the reagent layer ·on the specimen supply path, thereafter 

applies a voltage between the working electrode and the counter 

electrode as well as the detecting electrode in a state where 

the first: switch is connected to the.counter electrode, and 

measures a response current generated by applying the voltage. 

Since the quantification apparatus is constructed as 

described above, measuring errors due to the shorta9e of the 

specimen amount supplied to the reagent layer of the specimen 

supply path are prevented, resulting in a higher accuracy 

measurement. Further, the detecting electrode of the biosensor· 

is used also as the counter electrode at the measuring, so that 

the specimen supply path can be downscaled, thereby to perform 

a quantitative analysio of a slight amount of specimen 

correctly. 

According to Claim 42 of the present invention, there is 

provided a quantification apparatus, to which the biosensor as 

defined in any of Claims 1 to 23 and 37 is detachably connected 

and which quantifies a substrate included in a sample liquid 

supplied to the biosensor comprising: a first current/voltage 
. ~ 

conversion circuit f o~ converting a current from the working 

electrode included in the biosensor into a voltage; a second 

current/voltage conversion circuit for converting a current 

from the detecting electrode included in the hiosensor into a 

voltage, a first A/D conversion circuit for digitally 

converting the voltage from the first current/voltage 
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conversion circuit; a second A/D conversion circuit for 

digitally converting the voltage from the second 

current/voltage conversion circui~; a first selector switch for 

switching the connection of the detecting electrode of the 

biosensor to the first-current/voltage conversion circuit or 

the ground; and a control part for controlling the fist A/D 

conversion circuit, the second A/D conversion circuit, and the 

·first se1ector switch, and the control part applies a voltage 

between the detecting electrode and the counter electrode as 

well as between the working electrode and the counter electrode 

in a state where the first selector switch is connected to the 

first current/voltage conversion circuit, detects an electrical 

change between the detecting electrode and the work~ng 

electrode as well as an electrical change between the working 

electrode and the counter electrode, respectively, occurring by 

the· sample 1iquid which is supplied to the reagent 1ayer 

provided on the specimen supply path, thereaft.er connects the 

~irst selector switch to the ground, applies a vo1tage between 

the working electrode and the counter electrode as well as the 

detecting electrode, and measures a response current generated 

by applying the voltage. 

since the quantification apparatus is constructed as 

described above, measuring errors due to the shortage of the 

specimen amount supplied to the reaqent layer of the specimen 

supply path are prevented, resulting in a higher accuracy 
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measurement. Further, the detecting electrode· of the biosensor 

is used also as the counter electrode at the measuring, so that 

the specimen supply path can be downscaled, thereby to perform 

a quantitative analysis of a slight amount: of specimen 

correctly. 

According to Claim 43 of the present invention, the 

quantification apparatus as defined in Claim 42 comprises: a 

second selector switch fo~ switching the connection of the 

working electrode of the biosensor to the second 

current/voltage conversion circuit or the ground, and the 

control part applies a voltage between the detecting electrode 

and the counter electrode as well as between the working -
electrode and the counter electrode in a state where the first 

selector switch is connected to the first current/voltage 

conversion circuit and the second selector switch is connected 

to the second current/voltage conversion circuit, respectively, 

connects the second selector s~itch to the ground when 

detecting an electrical change between the working electrode 

and the counter electrode, occurring by the sample liquid whieh 

is supplied to the reagent layer provided on the specimen 

su_pply path, and when thereafter detecting an electrical change 

between the detectin9 electrode and the workinq electrode, in a 

state where the second selector switch is connected to the 

second current/voltaqe conversion circuit and the first 

selector switch is connected to the ground, applies a voltage 
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between the working electrode and the counter electrode as well 

as the detecting electrode, and me~sures a response current 

9enerated by applying the voltage. 

Since the quantification apparatus is constructed as 

described above, measuring errors due to the shortage of the 

specimen amount ~upplied to the reagent layer of the specimen 

supply path are prevented, resulting in a higher accuracy 

measurement. Further, the detecting electrode of the biosensor 

is used also as the counter electrode at the measuring, so that 

the specimen supply path can be downscaled, thereby to perform 

a quantitative analysis of a slight amount of specimen 

correctly. 

According ~o Claim 44 of the present invention, the 

quantification apparatus as defined in Claim 42 or 43 

comprising an informi~g means for informing a user that no 

change occurs, when the sample liquid is supplied to the 

reagent layer of the specimen supply path, and the control part 

detects that an e1ectrical change occurs between the working 

eleotrode and the oounter electrode but no electrical cha~qe 

occurs between the detecting electrode and the working 

electrode or the counter electrode. 

Since the quantification apparatus is constructed as 

described above, it is possible to inform a user of the 

shortage of the specimen amount supplied to the reagerit layer 

of the specimen supply path of the biosensor, resulting in the 
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quantification apparatus with enhanced convenience and safety. 

BRIEF DESCRIPTION OF DRAWINGS 

Figures 1 are exploded perspective views of a biosensor 

according to a first and a fifth embodiments. 

Figures 2 are diagrams exemplifying how an electrode part 

is provided. 

Figures 3 are exploded perspective views of a biosensor 

according to a second embodiment. 

Figure 4 is a diagram illustrating a specimen supply path 

of the biosensor according to the second embodiment. 

Figure S is a top view illustrating a state where slits 

are formed in an electrical conductive layer of a biosensor 

according to a third embodiment. 

F.i.gures 6 are diagrams i11ustratin9 i.ndividua1 wafers of 

the biosensor according to the third embodiment. 

Figure 7 is an exploded perspective view of the biosensor 

according to the third embodiment. 

Figures 8 are diagrams illustrating a state of electrodes 

of the biosensor according to the third embodiment. 

Figures 9 are exploded perspective views of a biosensor 

according to a fourth embodiment. 

Figures 10 are diagrams exemplifyinq a formation of second 

slits in the biosensor according to the fourth embodiment. 

Figure 11 is a schematic diagram showing the concept of a 
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biosensor which is formed in a fifth embodiment. 

Figure 12 is a schematic diagram showing the concept of an 

apparatus for formin9 a thin film electrode in the fifth 

embodiment. 

Figure 13 is a diagram illustrating structures of a 

biosensor and a quantification apparatus according to a sixth 

embodiment. 

Figure 14 is a diagram i11ustrating another structures of 

the biosensor and the quantification apparatus according to the 

sixth embodiment. 

Figure 15 is an.enlarged view of a specimen supply path of 

the biosensor according to the first embodiment. 

Figure 16 is a diagram illustrating structures of a 

biosensor and a quantification apparatus according to a seventh 

· embodiJnent. 

Figure 17 is a diagram illustrating structures of a 

biosensor and a quantification apparatus according to an eighth 

embodiment. 

Figure 18 is a diagram illustrating changes in wettability 

index (surface tension) of a support surface and an adhesion 

between an electrode laye~ and the support. 

Figure 19 is a diagram illustrating a relationship between 

a thickness of a palladium thin film and the wettability index 

(surface tension) of the electrode surface. 

Figure 20 is a diagram in which sensor sensitivities in a 
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blood glucose concentration of 40-600 mg/dl are compared. 

Figures 21 are exploded perspective views of a 

conventional biosensor. 

Figure 22 is a diagram illustrating a state where a 

biosensor is inserted in a measuring .device. 

Figure 23 is a top view illustrating a state where slits 

are formed in the electrical conductive layer which is provided 

on a sensor wafer according to the third embodiment. 

Figures 24 are top views illustrating states of electrodes 

of a biosensor in a manufacturing method according to the third 

embodiment. 

Figure 25 is a diagram illustrating the concept of a 

cross-sectional structure of a conventiona1 biosensor. 

BEST MODE TO EXECUTE THE INVENTION 

Hereinafter, embodiments of the present invention wi11 be 

described with reference to the fiqures. The embodiments which 

are described here are merely examples, and the present 

invention is not necessarily restricted thereto. 

( Embod_iment l ) 

A biosensor A as defined in Claims 1 to 10 of the present 

invention will be described as a first embodiment with 

reference to the figures. 

Figures l(a) to l(c) are exploded perspective views of the 

biosensor A according to the first embodiment of the present 
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invention. 

First, members constituting the biosensor A will be 

described. 

Numeral 1 denotes a first insulating support (hereinafter, 

referred to as merely nsupportn) composed of polyethylene 

t.erephthalate or the like. Numeral 2 denotes a conductive 

layer which is formed on the whole surf ace of the support 1 and 

couposed of an electrical conductive material such as a noble 

metal, for example gold or palladium, and.carbon. Numerals 3a 

and 3b denote slits which are provided on the conductive layer 

2 on the support l and are parallel to the side of the support 

1. Numerals 4a and 4b denote slits which are provided on the 

conductive layer 2 on the support 1 and are vertical to the 

side of the support 1. Numerals 5, 6, and 7 denote a working 

electrode, a counter electrode, and a detecting electrode, 

which are fonned by dividing the conductive layer 2 by the 

slits 3a and 3b, as well as 4a and 4b. Numeral 8 denotes a 

spacer which covers ~he working electrode 5, the counter 

electrode 6, and the detecting electrode 7 on the support 1. 

Numeral 9 denotes a rectangular cutout part provided in the 

middle of an entering edge part of the spacer 8 to form a 

specimen supply path. Nu~eral 9a denotes an inlet of the 

specimen supply path, numeral 10 denotes a longitudinal width 

of the cutout part 9 of the spacer B, and numeral 11 denotes an 

clearance between the two slits 4a and 4b which are provided on 
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the conductive layer 2. Numeral 12 denotes a reagent layer 

which is formed by applying a rea9ent including enzyme or the 

like to the working electrode 5, the counter electrode 6, and 

tbe detecting electrode 7 which are exposed from the cutout 

part 9 of the spacer 8. Numeral 13 denotes a cover (second 

insulating support) for covering the spacer 8, and numeral 13a 

denotes an air hole provided in the middle of the cover 13. 

A method for manufacturing the so-constructed biosensor A 

will be de~cribed with reference to figures. 

First, as shown in figure l(a), an electrical conductive 

material such as a noble metal, for example gold or palladium, 

· and carbon is subjected to the screen printing method, a 

sputtering evaporating method or the like, thereby to form the 

conductive layer 2 on the whole surface of the support l. 

Next, as shown in figure l(b), two slits 3a and 3b 

parallel to the side of the support 1 as well as two slits 4a 

and 4b vertical to the ·slits la and 3b are formed on the 

conductive layer 2 which is formed on the support 1 by 

employing a laser, to divide into the counter electrode 6, the 

working electrode 5, and the detecting electrode 7. At this 

time, the slits 4a and 4b are provided so that an interval 

between a tip of the support 1 and the slit 4a is equivalent to 

or larger than the interval 11 between the two slits 4a and 4b. 

As another manufacturing method for providing the three 

electrodes on the support 1, it is also possible to use a 
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printing plate, a masking plate or the like (not shown here) in 

which a patte~n required to form the conductive layer 2 having 

parallel two slits 3a and 3b is previously arranged when an 

electrical conductive material or t~~ like is formed on ·the 

support 1 by the screen printing method, sputtering evaporating 

method or the like, and thereafter use the laser to the 

conductive layer 2 which is formed on the support l to provide 

the slits 4a and 4b, to divide into the working e1eotrode 5, 

counter electrode 6, and the detecting electrode 7, whereby it 

is possible to form electrode parts. Further, it is also 

conceivable to apply a method in which a printing plate, a 

masking plate or the like in which a pattern required to form 

the· conductive layer 2 having two slits 3a and Jb parallel to 

the side of the support 1 and two slits 4a and 4b vertical 

thereto is previously arranged is used, and an electrical 

conductive material or the like is formed on the support l by 

the screen printing method, sputtering evaporatinq method or 

the like, to form the working electrode 5, the counter 

electrode 6, and the detecting electrode 7. A preferred thin 

film electrode forming method for fo:.cmin9 an electrical 

conductive layer of the biosensor A will be described in more 

detail in another embodiment. 

Though the electrode part comprises the working electrode 

5, the counter electrode 6 and the detecting electrode 7, the 

electrode part may comprise at least the working electrode 5 
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and the counter electrode 6. However, in order to perform a 

reliable measurement, it is preferable that the biosensor 

comprises the detecting electrode 1,· ·since in this case a 

preferable biosensor, that is, a biosensor whlch is capable of 

performing a reliable measurement c·an be obtained. 

Then, as shown in figure 1 ( c), ·a reagent is applied to the 

working electrode 5, the counter electrode 6, and the detecting 

electrode 7 as the electrode part formed on the support 1 to 

form a reagent layer 12, and the spacer 8 having the cutout 

part 9 for forming the specimen supply path is provided on the 

reagent layer 12. Then, the cover 13 is provided thereon. 

Here, one end of the cutout part 9 of the spacer 8 leads to the 

air hole 13a provided in the cover 13. The arrangement of the 

working electrode 5, the counter electrode 6, and the detecting 

electrode 7 which are formed on the support 1 is such that the 

counter electrode 6 is positioned at a position nearest to the 

inlet 9a of the specimen supply path, and the working electrode 

5 and the detecting electrode 7 are positioned in the inner 

part therefrom. Respective areas of the working electrode 5, 

the counter electrode 6 and the detecting electrode 7 in the 

specimen supply path are defined by an area of the cutout part 

9 of the spacer 8 and the interval 1·1 between the slits 4a and 

4b. In the first embodiment, the slits 4a and 4b are provided 

so that the interval from a sensor tip to the slit 4a is 

equivalent to or larger than the interval 11 between the two 
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slits 4a and 4b, and thus the area of the counter electrode 6 

is equivalent to or larger than the area of the working 

electrode 5 in the specimen supply path. 

Though the conductive layer 2 16 formed on the whole 

surface of the support 1, it is also possible to form the 

conductive layer 2 not on the whole·· surface of the support 1 

·but on a part which is required for forming the electrode part. 

This will be described below. 

Figure 2(a) is a schematic diagram illustrating how the 

electrodes of the above-described biosensor A are provided. 

Here, the conduct.ive layer 2 required for forming the electrode 

part is provided only on the internal surface of the support 1, 

and the conductive layer 2 is not provided on the internal 

surface of the cover 13. The electrode ·part provided on the 

internal surface of the support 1 is divided into the counter 

electrode 6, the working electrode s and the detecting 

e1ectrode 7 by the slits 3a, 3b, 4a and 4b being provided. 

on the other hand, a method is also conceivable which 

provides the conductive layer 2 not only on the internal 

surf ace of the support 1 but also on the internal surface of 

the cover 13. An example of this case will be described 

briefly with reference to figures 2(b) and 2(c). Figure 2(b) 

illustrates a case where the conductive layer 2 provided on the 

internal surface of the cover 13 is taken as the counter 

electrode 6 as it is, and the conductive layer 2 provided on 
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electrode 5 and the detecting electrode 7 by the slits 3a, 3b, 

4a and 4b. Though the conductive layer 2 is provided on the 

whole i-nternal surface of the support 1, Lhe.re is no need to 

use an unnecessary part as an electr.ode. That is, the 

conductive layer 2 is provided on t_he whole internal surface of 

the support 1 because in a process for providing the conductive 

layer 2, it is easier to provide the conductive layer 2 on the 

whole surf ace than in the case where the conductive layer 2 is 

provided on a part of the internal surface of the support 1. A 

hatching indicating the conductive layer 2 on the whole of the 

internal surface of the support 1 is shown in the figure, but 

there.is no need to use all of this as the electrode. Figure 

2(c) schematically illustrates a case where the counter 

electrode 6 is provided on the internal surface of the cover 13, 

and the working electrode 5 and the detectinq electrode 7 are 

provided on the internal surface of the support 1 as in f iqure 

2(b), wh11e the way in which the slits are provided on the 

support 1 is different from that shown in figure 2(b}. That is, 

in figure 2(c), the slit 4a is omitted as compared with figure 

2(b), while in this case it is required that the area of the 

counter electrode 6 is equivalent to or larger than the area of 

the working electrode S in the specimen supply path. When the 

number of slits provided on the support 1 is decreased as 

described above, the manufacture can be made more easily. 
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Further, since the working electrode_5 )s located at a position 

opposed to the counter electrode 6 in figure 2(c), the length 

of the specimen supply path is decreased to reduce the size, 

thereby enabling a measurement based· on a trace quantity of 
·. :· 

specimen. 
: .· 

While iri the embodiment 1 the :di.vision of the working 

electrode 5, the counter electrode 6, and the detectin9 

electrode 7 is performed by employing the laser, it is also 

possible that a part of the conduqtive layer 2 is cut away by a 

jig with a sharp tip or the like, thereby to construct the 

electrode part. Further, while the screen printing meLhod and 

the sputtering evaporating method are employed as the electrode 

part formation methods, the electrode part formation methods 

are not restricted to these methods. 

As described above, according to the biosensor in the 

first embodiment of the present invention, the slits la, 3b; 4a 

and 4b are provided in the conductive layer 2 on the support 1, 

and the spacer 8 having the cutout part 9 is placed thereon, to 

define the respective electrode areas of the working electrode 

5, the counter electrode 6 and the detecting electrode 7 on the 

specimen supply path easily and with a high accuracy. 

Therefore, variation in response characteristics of respective 

biosensors can be reduced, thereby realizing a high-accuracy 

bi.osensor. Moreover, since in the present invention the 

electrode part is formed in a monolayer with an electrical 
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· conductive material such as noble metal for example gold or 

palladium and carbon as _the material, it take no trouble of 

successively printing and laminating· a silver paste, a carbon 
·,, 

paste and the like on the support 1 .~s in the prior art, 

whereby it is possible to form the electrode part with a smooth 

surface by a simple method. Further, since the slits 4a and 

4b ·are formed on the conductive layer 2 which is provided on 

the support 1 by the laser, it is possible to define the area 

of each electrode with a higher accuracy. The clearance 

between the respective electrodes can be considerably reduced 

to downsize the specimen supply path, thereby enabling the 

measurement based on a trace quantity of specimen while this 

could not be measured conventionally. Further, since the 

structures of the electrodes are very simple, a biosensor 

having the same performance can be easily formed. 

(Embodiment 2) 

A biosensor B accordinq to Claims 11 and 12 of the present 

invention will be described as· a second embodiment. 

Figures 3 are perspective views illustrating the biosensor 

B in the order of the manufacturing process, and tigure 4 is a 

diagram illustrating a specimen supply path of the biosensor B. 

First, the structure of the biosensor B will be described. 

Numeral 21 denotes an insulatinq support which is composed 

of polyethylene terephthalate or the like. Numeral 22 denotes 

an electrical conductive layer which is formed on the whole 
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surface of the support 21 and is oomposed of an eleotrioal 

conductive material such as noble metal, for example qold or 

palladium, and carbon. Numeral$ 23a, 23b, 23c and 23d denote 

first slits which are provided on the electrical conductive 

layer 22. Numerals 25, 26 and 27 de.note electrodes which are 

formed by dividing the electrical conductive layer 22 by the 

first slits 23a, 23b, 23c and 23d, i.e., a working electrode, a 

counter electrode, and a detecting electrode as an electrode 

for confirming whether a specimen is certainly drawn inside a 

specimen supply path. Numerals 24a arid 24b denote second slits 

which define positions and areas on the electrodes where a 

reagent is applied. Numeral 28 denotes a spacer which covers 

the working electrode 25, the counter electrode 26, and the 

detecting electrode 27. Numeral 29 denotes a rectangular 

cutout part which is provided in the middle of an entering edge 

part of the spacer 28 to form a specimen supply path. Numeral 

30 denotes an inlet of the specimen supply path. Numeral 14 

denotes a reagent layer which is formed by appiyinq a reagent 

including enzyme or the· like to the working electrode 25, the 

counter electrode 26 and the detecting electrode 27 by dripping. 

Numeral 15 denotes a cover for covering the spacer 28. Numeral 

16 denotes an air hole provided in the middle of the cover 15. 

Next, a method for manufacturing the so-constructed 

biosensor B will be described. 

As shown in figure 3(a), the electrical conductive layer 
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22 of a thin film of noble metal such as gold and palladium is 

formed over the whole of the support 21 by the sputtering 

method which is a method for forming a thin film. rt is 

possible to form the electrical conductive layer 22 not on the 

whole surface of the support 21 but on only a part which is 

required for forming the electrodes~::-

Then, as shown in figure 3(b), the first slits 23a, 23b, 

23c and 23d are formed on the electrical conductive layer 22 by 

employing the laser, to· divide the electrical conductive layer 

22 into the working electrode 25, the counter electrode 26 and 

the detecting electrode 27. Further, by employinq the 1aser, 

the arc-shaped second slits 24a and 24b are formed on the 

electrical conductive layer 22 around a position where a 

rea9ent is dripped so as to surround the position. 

Like in the first embodiment, the electrodes, the first 

slits 23a, 23b, 23c, and 23d, and the second slits 24a and 24b 

may be formed on the support 21 by the screen printing method, 

the sputtering method or the like, which employs a printing 

plate, a masking plate or the like, in which a pattern required 

for forming the.electrical conductive layer 22 havin9 the first 

·slits 23a, 33b, 23c and 23d and the second slits 24a and 24b is 

previously arranged. or, a part of the electrical conduction 

part 22 can be cut away by a jig with a sharp tip. 

Then, as shown in figure 3(c), for example in case of a 

blood sugar sensor, a reagent which is composed of glucose 
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oxidase as enzyme, potassium ferricyanide as an electron 

transfer agent and the like is dripped and applied to the 

working electrode 25, the counter electrode 26, and the 

detecting electrode 27. Since the part where the reagent is 

applied is a position which is surrou"nded by the second slits 

24a and 24b, the second slits 24a and 24b can be used as marks 

of a place where the reagent is applied. Further, since the 

applied reagent is a liquid, it spreads out in a circular form 

taking a point where the reagent is applied by dripping as a 

center, but t::.he second slits 24a and 24b serve as breakwaters 

and detine the position and area of the reagent layer 14 so 

that the reagent is prevented from spreading across the second 

slits 24a and 24b. Therefore, the reagent layer 14 is formed 

at a prescribed position in a prescribed area. 

Next, the spacer 28 having the cutout part 29 for forming 

the specimen supply path is placed on the electrodes, i.e., the 

working electrode 25, the counter electrode 26, and the 

de~ectinq electrode 27. The specimen supply path lies in a 

state as shown in figure 4. 

The cover 15 is provided on the spacer 28. One end of the 

cutout part 29 of the spacer 28 leads to the air hole 16 which 

is provided ·in the cover 15. 

It is also possibl~ to form the spacer 28 on the 

electrodes of the working electrode 25, the counter electrode 

26, and the detecting electrode 27, and thereafter drip a 
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reagent on a part of the working electrode 25, the counter 

electrode 26 and the detecting electrode 27, which is exposed 

from the cutout part 29, thereby to form the reagent layer 14. 

Accordinq to this structure, when blood is supplied to the 

inlet 30 of the specimen supply path·as a sample liquid which 

is a specimen, a certain amount of specimen is drawn into the 

specimen supply path due to capillary phenomenon by the air 

hole 16 and reaches the· counter electrode 16, the working 

electrode 25 and the detecting electrode 27. The reagent layer 

14 formed on the electrodes is dissolved by blood as the 

specimen, and an oxidation-reduc~ion reaction occurs between 

the reagent and specific components in the specimen. Here, 

when the specimen fills the specimen supply path properly, an 

electrical change occurs between the counter electrode 26 and 

the detecting electrode 27. Thereby, it is confirmed that the 

specimen is drawn as far as the detecting electrode 27. The 

electrical change also occurs between the working electrode 25 

and the de~ecting electrode 27, wherebY. it is also possible to 

confirm that the specimen is drawn as far as the detecting 

electrode 27. The reaction between the specimen and the 

reagent is promoted for a prescribed period of time after the 

specimen ls drawn as far as the detecting electrode 27, and 

thereafter a prescribed voltage is applied to the working 

electrode 25 and the counter electrode.26 or between the 

counter electrode 26 and the detecting electrode 27. Since it 
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is a blood sugar sensor, a current proportional to a glucose 

concentration is generated, and a blood sugar level can be 

measured by its value. 

While in the second embodiment the blood sugar sen~or is 

described as an example, it can be used as a biosensor other 

than the b:t.ood sugar sensor, by chan9in9 the components of the 

reagent 14 and the specimen. In addition, though the biosensor 

B which has the three electrodes is described in the second 

embodiment, the number of the electrodes may not be three. 

Further, while the second slits 24a and 24b are arc shaped, 

shapes are not restricted lo this shape as long as they can 

def'ine the position and the area of the reagent layer and do 

not reduce the accuracy of the electrodes. For example, the 

slits may be· straight lines or hook shaped. 

the 

As described above, the biosensor B aceording to the 

second embodiment is a biosen$or tor quantitying a substrate 

included in the sample liquid, which comprises an insulating 

supporL, plura1 electrodes which are formed by first slits 

provided on the electrlcal conductive layer formed on the whole 

or part of the surface of the insulating support, arc-shaped 

second slits provided in the electrical conductive layer to 

define the position and the area where the reagent is to be 

applied, a spacer having a cutout part which is provided on the 

electrodes to form a specimen supply path for supplying the 

sample liquid to the workin9 electrode, a reagent layer 
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including enzyme pro~ided on the electrodes in the specimen 

supply path, and a cover which is provided on the spacer and 

has an air hole leading to the specimen supply path, and 

de::Cines the spread of the app1ied reagent by the second slits. 

Therefore, when the reagent is applfced on the electrodes for 

forming the reagent layer, the reagent spreads uniformly, and a 

reagent layer which is free from variations in the position and 

area is formed, resulting in an accurate measurement which is 

free from variations when the specimen is measured. 

(Embodiment 3) 

A specific method for manufacturing the above-described 

biosensors 1l and B wi11 be further described. Here, the 

biosensors A and B are assumed a biosensor X collectively. 

Figure 23 is a top view illustrating a state where the 

slits are formed on an electrical conductive layer provided on 

.a surface of a sensor wafer P as a basis of the biosensor x. 

Numeral 3102 denotes an electrical conductive layer 

composed of carbon, a metal material or the like, which is 

provided on the whole surface of a support 3101. Numerals 

3103a, 3103b, 3103c and 3103d denote slits which are formed on 

the electrical conductive layer 3102. Numerals 3105, 3106 and 

3107 denote electrodes which are formed by dividing the 

electrical conductive layer 3102 by the slits 3103a, 3103b, 

3103c and 3103d, i.e., a working electrode, a counter electrode 

and a detecting electrode. Numeral 3110 denotes a cutting 
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plane line showing a cutting position of the support~ The 

sensor wafer P is a support in a state where the electrical 

conductive layer 3102 is formed on tne support, and the 

electrical conductive layer 3102 is,divided by the slits 3103a, 

3103b, 3103~ and 3103d to form elect:~odes of plural biosensors 

x, x, ···,that is, the working elec~rodes 3105, the counter 

electrodes 3106, and the d.etecting ~lectrodes 3107. 

A manufacture of the biosensor X by employing the so­

constructed sensor wafer P will be described with reference to 

figures. 

First, the electrical conductive layer 3102 is formed on 

the whole surface of the band support 3101 by the sputtering 

method as a method for forming a thin film. 

Next, as shown in figure 23, the slits 3103a, 3103b, 3103c 

and 3103d are formed by employing the laser· in an area where 

each individual wafer Q of the electrical conductive layer 310-2 

formed on the support 3101 is formed~ to divide the electrical 

conduc~ive layer 3102 into the working electrode 3105, the 

counter electrode 3106, and the detecting electrode 3107, and 

the electrodes of plural biosensors x are rormed in a row, 

thereby to form the sensor wafer P. Then, the electrodes of 

plural biosensors X which are formed in this process are cut on 

the cutting plane line 3110, and a r7agent layer, a spacer and 

a cover (not shown here) are laminated on the electrodes of the 

biosensor X obtained by the cutting, thereby to form an 
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individual biosensor. 

However, the so-formed biosensor x has a problem in that 

when the plural biosensors are to be cut into individual 

biosensors, there are some.cases where the cutting cannot be 

performed on the cutting plane lines~ resulting in deviations 

from the cutting plane lines 3110. This will be described in 

more detail. Figure 24(a) is a diagram illustratin9 states of 

the electrodes in a case where the cutting is correctly 

performed. Figure 24(b) is a diagram illustrating states of 

the electrodes when the cutting position is deviated toward 

left from the cutting plane line 3110. Figure 24(c) is a 

diagram illustrating states of the electrodes when the cutting 

position is deviated toward right from the cutting plane line 

3110. Since the areas of the working electrode 3105 and the 

counter electrode 3106 are decided by the cutting position of 

the individual wafer Q, changes in t~e areas of the working 

electrode 3105 and the counter electrode 3106 occur when the 

cutting position ls deviated from th~ cutting plane line 3110 

as shown in the figures, resulting in variations in resistance 

values of the respective electrodes. Therefore, values of 

currents flowinq the electrodes change, whereby -the accuracy of 

the biosensor X get worse. 

Here, a biosensor c according to Claims 13 and 14 of the 

present invention, which has for its object to solve this 

problem will be described as a third embodiment. 
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Fi9Qre 5 is a top view illustrating a state where slits 

are formed on an electrical conductlve layer which is provided 
. ' 

on a surface of a sensor_ wafer R as_'-a basis of the biosensor c. 
. ..:~/ 

Figures 6 are diagrams illustratin9'an individual wafer S of 
.. ·. 

the biosensor c. Figure 7 is a per_$.pective view illustrating a 
::-:j:;:. 

manufacturing process of the b~osen°iihr c. Figure 8 is a top 

view illustrating states of electrodes of the biosensor c. 

Initially, component of the biosensor C will be described. 

Numeral 41 denotes an insulating support which is composed 

of polyethylene terephthalate and the like. Numeral 42 denotes 

an electrical conductive layer which is formed on the whole 

surface of the support 41 and composed ot an electrical 

conductive material such as noble metal, for example gold or. 

palladium, and carbon. Numerals 43a, 43b, 43e and 43d denote 

first slits which are provided on the electrical conductive 

layer 42. Numerals 45, .46, and 47 denote· electrodes which are 

formed by dividing the electrical conductive layer 42 by the 

first sllts 43a, 43b, 43c and 43d, i.e., a working electrode, a 

counter electrode, and a detecting electrode as an electrode 

for con£irminq whether a specimen is surely drawn into a 

specimen supply path. ·Numeral 50 denotes a cutting plane line 

as a position where the support is cut. Numerals 44a and 44b -

denote third slits for defining the areas of the electrodes. 

Numeral 48 denotes a spacer which covers the working electrode 

45, the counter electrode '46 and the detecting electrode 47. 
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Numeral 49 denotes a rectanqular cutout part which is provided 

in the middle of an entering edge part of the spacer 28 to form 

a specimen supply path. Numeral Sl:denotes a reagent layer 

which is !ormed by applying a reagent including enzyme to the 

working electrode 45, the counter e~~ctrode 46 and the 
... ' .. ::. 

detecting electrode 47. ·Numeral 52 ::denotes a cover for 

covering the spacer 48. Numeral 53 denotes an air hole which 

is provided in the middle of the cover 52. The sensor wafer R 

is a support in a state where the electrical conductive layer 

42 is formed in the support 41, and the electrical conductive 

layer 42 is divided by the first slits 43a, 43b, 43c and 43d as 

well as the third slits 44a and 44b to form electrodes of 

plural _biosensors, that is, the working electrode 45, the 

counter electrode 46 and the detecting electrode 47. Further, 

an individual wafer s represents a state of each biosensor of 

the sensor wafer R. 

A method for manufacturing the biosensor c will be 

described in the order of process. 

Fist, the electrical conductive layer 42 is formed with a 

thin film.of noble meta1 such as gold and palladium, over the 

whole band support 41 by the sputtering method. 

Next, as shown in figure 5, the first slits 43a, 43b, 43c 

and 43d are formed by employing the laser in an area where each 

individual wafer s of the electrical conductive layer 42 formed 

on the support 41 is formed, to divide the electrical 
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conductive layer 42 into the working:·electrode 45, the counter 

electrode 46, and the detecting ele9,7rode 4 7. Further, the 

third slit 44a on the right of the.first slit 4Ja, and the 

third slit 44b·on the left of the first slit 43h are ~ormed hy 
,· 

employing the laser at positions wh"i~h are parallel to 

longitudinal sides of ea(:h biosenso'x' after being cut and make 

the working electrode 45 and ·the counter electrode 46 have 

prescribed areas, thereby forming plural individual wafers s. 

Figure 6(a) is a top view of the individual wafer s. Figure 

6(b) is a front view of the individual wafer s. 

The electrical conductive layer 43 may be provided on the 

support 41 by the screen printing method, the sputtering method 

or the like, which employs a printifl:g plate, a masking plate or 

the like in which a pattern required for forming the electrical 

conductive layer 42 having the first slits 43a, 33b, 43c and 

43d as well as the third slits 44a and 44b is previously 

arranged, to form the first slits 43a, 43b, 43c and 43d as well 

as the third slits 44a and 44b. Or, these slits can be formed 

by cutting away a part of the electrical conduction part 42 by 

a ji9 with a sharp chip· or the like. 

Then, as shown in figure 7, for each wafers, for example 

in the case of a blood su9ar sensor, a. reagent composed of 

glucose oxidase as enzyme, potassium ferricyanide as an 

electron transfer agent and the like is applied to the 

electrodes, i.e., the working electrode 45, the counter 
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electrode 46 and the detecting electrode 47r to form the 

reagent layer 51. 

Next, the spacer 48.having the cutout part 49 for forming 

the specimen supply patti is provide~_- ·on the electrodes, i.e. , 
.•:: . .-· 

the working electrode 45, the count~± electrode 46 and the 
:·· <~.= 
·. \ .. 

detecting electrode 47. 

The cover 52 is provided on the spacer 48. one end of the 

cutout part 49 of the spacer 48 leads to th~ air hole 53 

provided in the cover 52. 

It is also possible to form the spacer 48 on the · 

electrodes, i.e., the working electrode 45, the counter 

electrode 46 and the detecting electrode 47, and thereafter 

apply a reagent on parts of the working electrode 45, the 

counter electrode 46 and the detecting electrode 47, which are 

exposed from the cutout part 49, thereby to form the reagent 

layer 51. 

Then, plural biosensors which are formed by the above-

described process are cut on the cutting plane lines 50 to form 

individual biosensors. 

Figure 8(a) is a diagram illustrating states of the 

electrodes when the cutting position is deviated toward left 

from the cutting plane line 50. Figure 8(b) is a diagram 

illustrating states of the electrodes when the cutting position 

is deviated toward right from the cutting plane line 50. In 

any of the cases where the cutting position is deviated toward 
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right and left," the areas of the working electrode 45 and.the 

-· 
counter electrode 46 are already defined by the first slits and 

the third slits, whereby as shown iri figure 8, the areas of the 

working electrode 45 and t.he counter .. electrode 46 are equal to· 

those when the cutting is performed~· .. 9n the cutting plane line 
·, -~-· ·: 

50 shown in figure 6(a), ais long as the cutting is performed 

between the third slits 44a and 44b of the adjacent biosensors. 

Since the specimen measurement largely depends on the area 

or reaction of the working electrode 45, it is possible to 

provide only t'1e third slit 44a which defines the area of the 

working electrode 45, without the third slit 44b. 

In order to measure the specimen, when blood is supplie~ 

to the specimen supply path formed at the cutout part 49 of the 

spacer 48 as a sample liquid which is the specimen, a 

prescribed amount of specimen is drawn into the specimen supply 

path due to capillary phenomenon by the air hole 53 1 and 

reaches the counter electrode 46, the working electrode 45 and 

the detecting electrode 47. The reagent layer 51 formed on the 

electrodes is dissolved by the blood as the specimen, and 

oxidation-reduction reaction occurs between the reagent and 

specific components in the specimen. Here, when the specimen 

fills the specimen supply path properly, electrical changes 

occur between the counter electrode 46 and the detecting 

electrode 47. Thereby, it is confirmed that the specimen is 

drawn as far as ~he detecting electrode 47. The electrical 
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changes also occur between the working electrode 45 and the 

detecting electrode 4·7, and thereby· _it is also possible to 

confirm that the specimen is drawn ~s far as the detecting 

electrode 4 7. '!'he reaction between·. :the specimen and the 

reagent is· promoted for a prescribecf· period of time after the 
. ·• 

specimen is drawn as far as the detecting electrode 47, and 

thereafter a prescribed voltage is applied to the working 

electrode 45 and the counter electrode 46 or both of the 

counter electrode 46 and the detecting electrode 47. For 

example in the case of blood sugar sensor, a current which is 

proportional to the glucose concentration is generated and a 

blood sugar level can be measured by its value. 

While in the third embodiment ~be blood sugar sensor is 

described as an example, this can be used as a biosensor other 

than the blood sug~r sensor, by changing the components of the 

reagent 51 and the specimen. In addition, though the biosensor 

which has the three electrodes is described in the third 

embodiment, ~he number of the electrodes may be oLher than 

three as long as the areas of the electrodes are defined by the 

third slits. Further, it is sufficient that at least the area 

of the working electrode which greatly affects the measuring 

accuracy is defined by the third slits. The positions of the 

third slits are not restricted to those positions as long as 

they can define the areas of the electrodes. The shape of the 

biosensor may be other than that of the biosensor according to 
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the third embodiment as long as it can define the areas of the 

electrodes by the third slits. 

As described above, in the bios¢nsor according to the 
.,.:' .. 

third embodiment, the areas of respE!ctive electrodes are 
·' 

defined by the two third slits parallel to the longitudinal 
.·.··· 

sides of the biosensor. Therefore,·· the areas of the respective 

electrodes are previously defined by the third slits and the 

areas of the respective electrodes are not changed according to 

the cutting position, resulting in no va~iation in the accuracy. 

Further, there is provided the r~agent layer composed of the 

reagent which is to be reacted with the sample liquid, the 

spacer having the cutout part which forms the specimen supply 

path fo:r supplying the sample liquid to the electrodes, and the· 

cover which is placed on the spacer and has the air hole 

leading to the specimen supply path, whereby the sample liquid 

can be easily drawn into the specimen supply path. The 

electrical conductive layer is formed on the whole surface of 

the insulating support and is divided into plural electrodes by 

the first slits, thereby forming the high-accuracy electrodes 

and enhancing the working accuracy. Further, since the first 

slits and the third slits are formed by the laser, the high-

·accuracy processing is possible, thereby to define the areas of 

the respective electrodes with a hiqh accuracy, as well as the 

clearance between the respective electrodes can be narrowed, 

thereby to downsize the biosensor. 
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(Embodiment 4) 

A biosensor D according to Claims 15 and 16 of the present 

invention will be described as a fourth embodiment. 

Figured 9 are perspective views illustrating the biosensor 

D in the order of a manufacturing P#:!lcess. Figures 10 are top 

views exemplifying the formation of:'~ourth slits of the 

biosensor D. Figure 22 is a diagram illustrating a state where 

the biosensor D is inserted into a measuring device. 

First, components of the biosensor D will be described. 

Numeral 61 denotes an insulating support composed of 

polyethylene terephthalate or the like. Numeral 62 denotes an 

electrical conductive· layer which is formed on the whole 

surface of the support 61 and is composed of an electrical 

conductive material such as a noble metal, for example qold or 

palladium, and carbon. Numerals 63a, 63b, 63c and 63d denote 

first slits provided in the electrical conductive layer 62. 

Numerals 65, 66, and 67 denote electrodes which are formed by 

dividing the electrical conductive layer 62 by the first slits 

63a, 63b, 63~ and 63d, i.e., a working electrode, a counter 

electrode, and a detecting electrode as an electrode for 

confirming whether the specimen is surely drawn into a specimen 

supply path, respectively. Numerals 64a, 64b, and 64c denote 

fourth slits which divide the counter electrode 66, the 

detecting electrode 67, and the working electrode 65, 

respectively. Numeral 68 denotes a spacer which covers the 



fi8 

working electrode 65, the counter electrode 66, and the 

detect_ing electrode 6 7 .. Numeral 69 .. denotes a rectangular 
. ··. ·!. 

cutout part provided in the middle ~-~ an entering edge part of 

the spacer 68 to form a specimen supply path. Numeral 54 
. f --~'. :-

denotes a reagent layer :which is fo~ed by applying a reagent 
·. ~~ · ..• 

including enzyme or the like to the·:.~orking electrode 65, the 

counter electrode 66, and the detecting electrode G7 by the 

dripping. Numeral 55 denotes a cover for coverin9 the spacer 

68. Numeral 56 denotes an air hole provided in the middle of 

the cover 55. Numerals 58~ 59, and 57 denote correction parts 

provided at the end parts or respective electrodes, i.e., the 

working electrode 65, the.counter electrode 66, and the 

detecting electrode 67. Numerals 71 1 72, and 73 denote 

measuring parts which are on the periphery of the cover 55, of 

parts of the working electrode 65, the counter electrode 66, 

and the detecting electrode 67, respectively, which are exposed 

from the cover 55. D denotes a biosensor. Numeral 4115 

denotes a measuring device in which the biosensor D is to be 

inserted. Numeral 4116 denotes an insertion opening of the 

measuring device 4115 into which the biosensor D is inserted· .. 

Numeral 4117 denotes a display part of the measuring device 

4115 for displaying a measured result. 

As shown in figure 9(a), the electrical conductive layer 

62 of a thin film of a noble metal such as gold and palladium 

is formed by th-e sputtering method for manufacturing a thin 



59 

film over the whole support 61. The electrical conductive 

layer 62 may not be formed on the whoie surtace of the support 

61 but only on a part required for forming the electrodes. 

Next, as shown in r·igure 9 (b), .J;.he first slits 63a, 63b, 
.·: 

63c, and 63d are fornted on the elect"l:-ical conduct~ve layer 62 
·, 

by employing the laser, to divide ~he electrical conductive 

lay~r 62 into the working electrode 65, the counter electrode 

66, and the detecting electrode 67. Further, the fourth slits 

64a, 64b, and 64c are formed on the electrodes, i.e., the 

working electrode 65, the counter. electrode 65, and the 

detecting electrode 67 by em.ploying the laser. Here, the 

fourth slits 64a, 64b, and 64c divide all the electrodes, i.e., 

the working electrode 65, the counter electrode 66, and the 

detecting electrode 67, while there are for example eight kinds 

of combinations possible as shown in figures 10 as the manner 

in which the fourth slits 64a, 64b, and 64c are provided. 

Figure lO(a) illustrates a case where no fourth slit is 

provided. Figure lO(b) illustrate a case where the fourth slit 

64a is provided only in the counter electrode 66. Figure lO(c) 

illustrate a case where the fourth slit 64b is provided only in 

the detecting electrode 67. Figure lO(d) illustrates a case 

where the fourth slit 64c is provided only in the working 

electrode 65. Fiqure lO(e) illustrates a case where the fourth 

slits 64a and 64b are provided in the counter electrode 66 and 

the detecting elec~rode 67. Figure lO(f) illustrates a case 
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where the fourth slits 64c and 64a are provided in the working 

electrode 65 and the counter electrode 66. Figure lO(g) 

illustrates a case where ·the fourth slits 64C: and 64b are 

provided in the working electrode 6?,,and the detecting 

electrode 67. Figure lO°{h) illustr~ttes a case where the fourth 

slits 64c, 64a, and 64b are provid~~;i·in all the electrodes, 

i.e., the working electrode 65, the counter electrode 66, and 

the detecting electrode 67. 

The combinations of the fourth slits 64a, 64b, and 64c 

enable the measuring device 4115 to.discriminate information of 

correction data for correcting a difference in the output 

characteristics for each production lot. For example, in the 

case of figure lO(a) where no fourth slit is provided, it is 

assumed a biosensor which has output- characteristics of the 

produ~tion lot number "1" .. In the case of figure lO(b) where 

the fourth slit 64a is provided only in the counter electrode 

66, it is assumed a biosensor which· has out~ut characteristics 

ot t:.he production lot number ''2". 

The electrodes, the first slits 63a, 63b, 63c and 63d, and 

the fourth slits 64a, 64b and 64c may be formed on the support 

61 by the screen printing method, the sputtering method or the 

like that employs a printing plate, a masking plate or the like 

in which a pattern required for forminq the electrical 

conductive layer 62 having the first slits 63a, 63b, 63c and 

63d as well as the fourth slits 64a, 64b and 64c is previously 
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arranged. or, this may be formed by cutting away a part of the 

electrical.conduction part 62 by a jig with a sharp tip • 
. · .. 

Further, the fourth slits 64a, 64b, ·_and 64c may be formed after 

t:.he biosensor 164 is completed and _its out:.put:. characteristics 
--.·~~r: 

are checked, thereby reliably perf<>.,~?~1in9 selection for each 

production lot. 

Next, as shown in figure 9(e), for example in the ease of 

a blood sugar sensor, a reagent composed of glucose oxidase as 

enzyme, potassium ferricyanide as an electron transfer agent or 

the like is applied to the workin9 electrode 65, the counter 

electrode 66, and the detecting electrode 67 by the dripping. 

Then, the spacer 68 having the cutout part 69 for forming 

the specimen s.upply path is placed on the electrodes, i.e., the 

working electrode 65, the counter electrode 66, and the 

detecting electrode 67. 

The cover 54 is placed on the.spacer 68. One end of the 

cutout part 56 of the spacer 68 leads to the air hole 56 

provided in t:.he cover 55. 

It is also possible to form the spacer 68 on the 

electrodes of the working electrode 65, the counter electrode 

66 and the detecting electrode 67, and thereafter drip the 

reagent on parts of the working electrode 65, the counter 

electrode 66 and the detecting electrode 67, which are exposed 

from the cutout part 69, thereby to form the reagent layer 54. 

When the specimen is to be measured by the biosensor, the 
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biosensor Dis initially inserted_ to the insertion openinq 4116 

of the measuring device 4115 as shown in fiqure 22. When blood 
.·. __ ;. 

·,'\. 

is supplied to the inlet· of the spe-~imen supply path as a 
. .-:. 

sample liquid of the spec.ilnen, a pr~:~cribed amount o_f specimen 

is drawn into the specimen supply p~th due to capillary 
. {-;.: 

,,· · .. 

phenomenon by the air hole 56 and r~
0

~ches the counter electrode 

66, the working electrode 65, and the detecting electrode 67. 

The reagent layer 54 formed on the electrodes is dissolved by 

the blood as the specimen, and oxidation-reduction reaction 

· occurs between the reagent and specific components in the 

specimen. Here, when the specimen fills the specimen supply 

path properly, electrical changes occur between the counter 

electrode 66 and the detecting electrode 67. Thereby, it is 

confirmed that the specimen is drawn as far as the detecting 

electrode 67. Here, the electrical changes also occur between 

the working eiectrode 65 and the detecting electrode 67, and 

thereby it is also possible to confirxn that the specimen is 

drawn as far ~s the detecting electrode 67. ~he reaction 

between the specimen and the reagent is promoted for a 

prescribed period of time after the specimen is drawn as far as 

the detecting electrode67, and thereafter a prescribed voltaqe 

is applied to the working electrode 65 and the counter 

electrode 66 or both of the counter electrode 66 and the 

detecting electrode 67. In the case of a blood sugar sensor, a 

current proportional to the glucose concentration is generated 
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and the measurin') device 4115 measurP.s its value. The 

electrical changes in the respective of the above-described 

working electrode 65, counter electrode 66, and detecting 

electrode 67 are sensed by the measuring parts 71, 72, and 73. 

Also, the measuring device 4ll5:checks whether the 
·., 

respective electrodes Of the biosensC:,r 0 1 that is, the workin9 

electrode 65, the counter electrode 66, and the detecting 

electrode 67 are divided by the fourth slits 64a, 64a, and 64b. 

For example, when the electrical conduction between the 

measuring part 71 and the correction part 57 is checked, it can 

be seen whether the fourth slit 64c has been formed. Similarly, 

when electrical conduction between the measuring part 72 and 

the correction part 58 is checked, it can be seen whether the 

fourth slit 64a has been formed, and when electrical conduction 

between the measuring part 73 and the correction part 59 is 

checked, it can be seen whether the·fourth slit 64b has been 

formed. For example, when the fourth slit is not formed on any 

electrodes, it is in a state shown in figure lO(a) where the 

biosensor is of the production lot number n1d, and thus the 

measuring device 4115 obtains a blood sugar leve1 on the basis 

of the correction data corresponding to the output 

characteristics of the production lot number dl" which are 

previously stored and the measured current value, and displays 

the blood sugar level at the display part 4117. similarly, 

when the fourth slit 64a is formed only in the counter 
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electrode 66, a blood sugar level is obtained on the basis of 

the correction data corresponding to· the output characteristics 

of the production lot number "2" and .. the measured current value, 
·:-:·-.· 

and the obtained blood s-qgar level fs displayed at the display 

part 4117. 

While in the fourth embodiment.'& blood sugar sensor is 

described as an example, it can be used as a biosensor other 

than the blood sugar sensor, for example as a lactic acid 

sensor or a cholesterol sensor, by changing the components of 

the reagent layer 54 and the specimen. Also in such cases, 

when it is made possible for the measuring device to 

discriminate information of· correction data corresponding to 

the output characteristics of the lactic acid sensor or the 

cholesterol sensor according to the position of the fourth 

slits, the JD.easuring device 4115 obtains a measured value from 

the previ.ously stored correction data corresponding to the 

output characteristics of the lactic acid sensor or the 

cholesterol sensor and a current value, to display the value at 

the display part 4117. 

While the biosensor having the three electrodes is 

described in the fourth embodiment, the number of the 

electrodes may be other than three. Further, plural fourth 

slits may be provided on a single electrode. 

As described above, in the biosensor D according to the 

fourth embodiment, the production lot of the biosensor can be 
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discriminated according to the electrodes on which the fourth 

slits which divides the respective electrodes are formed. 

Therefore, the measuring device can discriminate necessary 

correction data by insex;ting the biosensor therein, and thus 

there is no need for an ·operator to~,"/input correction data by 

employing a cor.rection cP,ip or the iike, resulting in 

elimination of troubles and a prevention of operational errors. 

Further, there is provided the reagent layer composed of a 

reagent which is to be reacted with the sample liquid, the 

spacer having the cutout part.which forms the specimen supply 

path for supplying the sample liquid to the electrodes, and the 

cover whieh is placed on the spacer and has the air hole 

leading to the specimen supply path, whereby the sample liquid 

can be easily drawn into the specimen supply path. The 

electrical conductive layer is formed on the whole surface of 

the insulating support and is divi~ed into plural electrodes by 

the first slits, thereby forming high-accuracy electrodes and 

enhancing the measuring accuracy~ Further, since the first 

slits and the fourth slits are formed by the laser, a high­

accuracy processing is possible, whereby the areas of the 

respective electrodes can be defined with a high accuracy, as 

well as the clearance between the respective electrodes can be 

narrowed, thereby to downsize the biosensor. 

In any of the above-described bios~nsors A, B, c, and D 

according to the first to fo~rth embodiments, it is more 
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preferable that each slit provided o~ the electrical conductive 

layer is processed by the laser, the width of each slit is 

o .. oos mm - 0.3 mm, and the depth at.' ,each sli:t is equal to or 

larger than the thickness of the elec~rical conductive layer, 

as defined in Claims 16 ,to 18 of the present invention • . '. . 

Further, it is prefer.red that the reagent layer provided 

in any of the biosensors A' B, c, and D should include enzyme, 

an electron transfer agent, or a hydrophilic polymer, as 

defined in Claims 19 to 21 of the present invention. 

In addition, it is preferable that the insulating support 

employed in,any of the biosensors A, B, c, and Dis made of a 

resin material, as defined in Claim,22 of the present invention. 

{Embodiment 5) 

A thin film electrode forming method as defined in Claims 

23 to 35 of the present invention will be described as a fifth 

embodiment with reference to the figures. When the thin film 

electrode method described in the fifth embodiment is applied 

when the electrode parts of any of the biosensors A, B, c, and 

D according to the above-described first to fourth embodiments 

are formed, a biosensor as defined in claim 36 of the present 

invention can be obtained. 

Figure 11 is a schematic, diagram showing a state of a 

biosensor, where a thin film electrode is formed by 

implementing the thin film electrode forming ~ethod according 

to this embodiment and a reaction reagent layer are laid out 
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thereon.. This biosensor differs most from the conventional 

biosensor shown in figure 25 in that a sur!ace roughening 

processing is performed on the surface of an insulating resin 

support 81 or polyethyle11~ terephth~-iate, polycarbonate or the 

like, to enhance adhesion between the support 81 and an 

electrode layer 82 as wi;!11 as bctwee.n the electrode layer 82 

and a reaction reagent layer 83. It also differs in that a 

material constituting the electrode layer 82 is a simple 

substrate material composed of a noble metal or carbon, and the · 

thickness of the electrode layer 82 is controlled within 3-100 

nm. 

Hereinafter, a specific method of the surface rougheninq 

processing for the surface of the support 91 will. be described. 

Materials suitable for the support 81 are polyethylene 

terephthalate, polycarbonate, polybutylene terepbthalate, 

polyamide, polyvinyl chloride, polyvinylidene chloride, 

polyimide, nylon, or the like. 

Initially, the support 81 is placed in a vacuum chamber, 

and thereafter is subjected to a vacuum evacuation as far as a 

prescribed degree of vacuum (this can be within a range of IX 

10-1 to 3 x 10-1 pas ca ls ) • Thereafter, when the vac~um chamber is 

filled up with an inert gas (the degree of vacuum after the 

filling is within a range of approximately 0.1 ~o 10 pascals), 

and a high-frequency voltage of approximately 0.01 to 5 KV is 

applied thereto, the inert gas i5 excited and ionized, and is 
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slammed onto the surface of the support 81. These ions have 

hiqh kinetic energies, and enough surface roughening effects 

can be obtained by the high-frequency voltage application in 

quite a short period of time (approximately 0.1 to 10 seconds). 

Further, similar surface roughening effects can be obtained not. 

only by the high-frequency voltage application but also by a DC 

voltage application or the like. 

Nitrogen as well as rare gases such as argon, neon, helium, 

krypton and xenon can be employed as the inert gases. It also 

is possible to roughen the surface of the support Bl in the 

case where an activated gas (reactive gas) as typified by 

oxygen is used. However, in this case an oxide coat is formed 

on the surface of the support 81, accordingly there are 

possibilities that the electrode characteristics and sensor 

response characteristics are adversely affected, and thus it is 

not so desirable. 

Next, a description will be given of a method for forming 

a thin film electrode layer composed o! a conductive substance 

on the surface of the support 81 which has been subjected to 

the surface roughening processing. 

Like in the surface roughening processing for the surface 

of the support 81, it is subjected to the vacuum evacuation to 

a prescribed degree of vacuum (it can be within a range of lX 

10·1 to .3 X 10·3 pascals) • Thereafter, the vacuum chamber is 

fil1ed up with an inert gas (the degree of vacuum after the 
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fillin9 is within a range of approximately 0.1 to 10 pascals), 

and a high-frequency voltage of approximately 0.01 to 5 KV is 

applied thereto, whereby the inert qas is excited and ionized. 

The ionized gas is collided against a target plate composed of 

a conductive material, whereby atoms of the conductive 

substance are beaten out and then deposited as a film on the 

support 81, thereby forming a thin film electrode layer. It is 

also possible that the vacuum evacuation is per.formed and 

thereafter the conductive substance is heated and evaporated so 

as to be deposited as a film on the support Bl, thereby forming 

a thin film electrode layer. A typical one of the former 

manufacturing method is the sputtering evaporation, and a 

typical one of the 1atter is the vacuum evaporation. 

A material of the conductive material for forming the 

target plate may be a noble metal such as palladium, platinum, 

gold, and ruthenium, or carbon, and these simple substrate 

materials are employed as an electrode material, thereby to 

enable a stable electrode mass manufacture which hardly depends 

on manufacturing conditions and which has a smaller difference 

among material lots. 

It is possible to perform the support surface roughening 

process and the thin film electrode formation process 

discontinuously in independent spaces. However, by performing 

the process for rou9hening the surface of the support 81 and 

the process of forming the thin film electrode continuously in 
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the same space as shown in figure 12, a reduction in 

manufacturing man-hours, as well as an enhancement in the 

productivity due to the enhancement in production tact, and a 

reduction in costs of the biosensors attendant thereupon can be 

realized. Figure 12 is a schematic structure diagram 

illustrating a manufacturing process of the thin film electrode 

in the fifth embodiment. In the figure, numeral 84 denotes a 

vacuum chamber, numera1 85 denotes a support delivery roll, 

numeral 86 denotes a support take-up roll, numeral 87 denotes a 

surface roughening processing electrode, numeral 88 denotes a 

coolinq roller, numeral 89 denotes a cathode/target, and 

numeral 90 denotes a gas introduction inlet. 

In the case where two processes are performed continuously 

in the same space as described above, it is difficult to 

perform a vacuum evaporation, and thus it is effective.to 

perform a high-frequency sputtering evaporation, a bias 

sputtering evaporation, an asymmetric AC sputtering evaporation, 

an ion plating and the like .. 

It goes without saying that a reduction in manufacturing 

costs is enabled by making the thickness of the electrode layer 

as thin as possible, while by reflecting the roughened surface 

of the support as a roughened surface for the surface of the 

electrode layer as it is, the adhesion between the electrode 

layer 82 and the reaction reagent layer 83 composed of enzyme,. 

an electron transfer agent and the like is considerably 
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enhanced. In order to reflect the roughened surface of the 

support 81 surface as a roughened surface of the electrode 

layer surface, the thickness of the .electrode layer is required 

to be lOOnm or less, and it is des.iJ.:'able that the t.hickness of 

the electrode iayer should be 3-50 :nm to provide higher­

perfo.rmance thin film electrode and.biosensor. 

A further description will be given of the above-described 

thin film electrode forming method according to the fifth 

embodiment with reference to a specific experimental example. 

A high-frequency voltage havinq a frequency of 13.56 MHz 

at lOOW-output is applied onto the lnsulating support 81 

composed of polyethylene terephthalate for a prescribed period 

of time, to perform the surface roughening processing, and 

thereafter a noble metal thin film electrode is formed by 

forming palladium with the thickness of approximately 10 nm on 

the rou9hened support under the same condition~ 

Figure 18 illustrates the chanqes in a wettability index 

(surface tension) of. the support surface and the adhesion 

between the electrode layer and the support surface due to the 

surface rou9henin9 processing dependinq on the time for 

applyin9 the hiqh-frequency voltage from O to 60 seconds (0 

second shows a st.ate where the surface roughening processing is 

not performed), and this figure illustrates that surface 

roughening of the support surface is realized by the 

application for more than 5 seconds and the ~urface wettability 
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as well as the adhesion between the. electrode layer and the 

support are enhanced. This embodiment is the result which is 

obtained at a high-frequency voltage of lOOW, and a further 

reduction in the processing time is>enabled by increasing the 

hig-h.;_f requency voltage. '· 

The adhesion valuation here is:~:'.·;~xecuted in conformance 

with JIS5600-5-10 (paint ordinary test method: mechanical 

property of a paint film: a wear resistance), and a numerio 

value of the adhesion in the figure is indicated by the number 

of times of stroke reciprocation up to a time when a palladium 

thin film is worn out and the support surrace goes in an 

exposed state, and a larger numeric value indicates a higher 

adhesion. 

Figure 19 illustrates a relationship between the thickness 

of the palladium thin film and the ~ettabi1ity index (surface 

tension) of the electrode surface. :The conditions of the 

surf ace rou9hening processing of the support surf ace are 

adjusted arbitrarily wi~hin a range where a high-frequency 

voltage is lOOW, the application time is 5 seconds, and the 

thickness of the palladium layer is 5 to 1000 nm. As apparent 

from figure 19, in a range where the thickness of tbe palladium 

layer is 3 to 50 nm, the wettability index of the support 

surface subjected to the surface roughening processing is kept 

in 54 dyn/cm, and when it exceeds 100 nm the wettability index 

is decreased to 48 dyn/cm, and thereafter it is kept stable at 
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that value. This indicates that the roughened surface of the 

support surface reflects the roughened surf ace of the electrode 

surface up to the thickness 100 nm,_ while it reflects the 

wettability of the electrode material itself (palladium in the 

embodiment) in the case of the thickness exceeding 100 nm. 

Next, the reaction reagent layer including carboxymethyl 

cellulose as a hydrophilic polymer, glucose oxidase (GOD) as 

enzyme, and potassium ferricyanide as an electron transfer 

agent is formed on the thin film electrode which is formed 

under the above-described conditions, ~hose thickness of the 

palladium layer is 10 nm, and thereafter a biosensor for 

measuring the blood sugar level as in figure 1, in which a 

spacer and a cover are laid out is manufactured. 

Figure 20 is a diagram in which the sensor .sensitivities 

in blood glucose concentrations of 40-600 mq/dl are compared. 

The blood is drawn into a capillary tube, then a reaction 

between a reaction reagent and glucose in the blood is promoted 

for about 25 seconds, and thereafter a pcescribed voltaqe is 

applied between terminals of a working electrode and a counter 

electrode. The sensor &ensitivity here is a current value 

which is obtained 5 seconds after the application of the 

prescribed voltage. Since the conventiona1 sensor and the 

sensor in the embodiment have different electrode materials, an 

applied voltage is 0.5 V for the conventional carbon paste 

electrode while it is 0.2 V for the palladium thin !ilm 
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electrode in the embodiment. 

Further, the measuring number is n=lO in.each 

concentration range. ~s apparent from figure 20, it is 

confirmed that the sensor ln the embodiment which is not 

subjected to a polishing processing or heat processing for the 

electrode surface has an equivalent ·or higher sensitivity as 

compared with a sensor which is subjected to the polishing 

processing or heat processing, which was conventionally 

regarded as required to enhance the sensor sensitivity. 

The repeatabilities (C.V. values) of the ten-times 

measuring are compared in (table 1). From the result shown in 

the table, it is confirmed that the sensor in the embodiment 

has an excellent accuracy, with variations in individual 

sensors being reduced, while a conventional sensor has its CV 

value remarkably deteriorated due to the polishing processing 

variations or the like. 

(Table 1) 

Glucose Conventional sensor Sensor ' embodiment l..n 
concentration 

40mq/d"i - -15.25% 3.89% .. 
82mg/dl 6.15% 2 .. 87\ 

165mg/dl 3.89% 2.43% 

248mg/dl 3.24% l.80% 
4"8smq/dl 

.. 
3.79% 2.16% ... 

600mq/dl 3.28% 1.65% .. 

(Embodiment 6) 

Hereinafter, a quantification method of quantifying a 
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substrate as defined in Claim 38 ·of the present invention and a 

guantif ication apparatus for quantifying a substrate as defined 

in Claim 41 of the present invention, which employ any of the 

biosensors A, B, c, and·n, for which the electrical conductive 

layers are formed by employing the a.hove-described thin film 

electrode forming method according to the fifth embodiment will 

be described. While the biosensor A as described in the first 

embodiment is used as a biosensor employed in a f ol1owing 

description, the biosensor to be used is not restricted there~o. 

Figure 13 is a diagram illustrating structures of the 

biosensor and tbe quantification apparatus which is emp1oyed in 

the quantification method employing the biosensor. In the 

figure, the same reference numerals as those shown in figure 1 

denote the same or corresponding parts. 

It is a system in which the biosensor A is used in a state 

where it is connected to a quantification apparatus Ml, and ~he 

quantif ieation apparatus Ml measures the amount of an included 

substrate from a specimen supp1ied to the biosensor A. 

In the quantification apparatus Ml, numerals llSa, 115b, 

and 115c denote connectors connected to a working electrode 5, 

a detecting electrode 7, a counter electrode 6 of the biosensor 

A, respectively, numeral J16a denotes a switch provided between 

the connector llSc and the ground (which means a constant 

potential electrodeposition and can be not always uo". The 

same goes for in the present specification.), numeral 118a 
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denotes a current/voltage conversion circuit which is connected 

to the connector llSa and converts a current flowing between 

the working electrode 6 and other electrode into a voltage to 

be output, nume.ral ll9a denotes an A:/D conversion circuit which 

is connected to the current/voltage· conversion circuit 118a and 

converts a voltage value from the crirrent/volta9e conversion 

circuit ll8a into a pulse, numeral 120 denotes a CPU which 

controls- ON/OFF of the switch 116a and calculates the amount of 

a substrate included in a specimen based on the pulse from the 

A/D conversion circuit ll9a, and numera1 121 denotes a LCD 

(liquid cryslal display) which displays a measured value 

calculated by the CPU 20. 

Hereinaftcr,~a description will be given of the operations 

of the biosensor A and the guantifioation apparatus Ml when the 

amount of the substrate included in a specimen is measured by 

the quantification method employing the biosensor according to 

the sixth embodiment of the present invention. 

First, when the biosensor A is connected to the connectors 

115a-115c ot the quantification apparatus Ml, the switch 116a 

is turned off under the ~ontrol of the CPU 120, leading to a 

non-connection state between the counter electrode 6 and the 

ground, and a prescribed vo1tage is applied between the working 

electrode 5 and the detecting electrode 7. A current generated 

between the working electrode 5 and the detecting electrode 7 

is converted to a voltage by the current/voltage conversion 
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circuit 118a, and the voltage is converted to a pulse by the 

A/D conversion circuit 119a to be o~~putted to the CPU 120. 

Next, when a specimen is supplied to the inlet 9a of the 
-:-'.."'. 
-·· ~: .. 

specimen supply path of the biosensq.~ A, the specimen is drawn 

into the specimen supply.. path, pas~~~ on through the counter 
. :;:: ~:.-: 

electrode 6 and the working elect.r~;~~ 5 1 and reaches the 

detecting electrode 7. At this point of time, the reagent 

layer 12 is dissolved, an oxidation-reduction reaction occurs, 

and electrical changes occur between the working electrode 5 

and the detecting electrode 7. The CPU 120 starts the 

quantification operation, when detectinq that the electrical 

changes have occurred between the workinq electrode 5 and the 

detecting electrode 7, that is, a measurable amount of specimen 

has been supplied to the specimen supply path of the biosensor 

A, according to changes in the pulse inputted from the A/D 

conversion circuit 119a. 

The CPU 120 turns on the switch 116a to connect the 

counter e1ectrode 6 to the 9round, and controls the 

current/voltage conversion circuit llBa not to supply the 

voltage for a prescribed peri9d of time thereafter, eo that the 

reaction between the reagent layer 12 formed on the electrode 

parts and the specimen is promoted. After the passage of the 

prescribed period of time, the prescribed voltage is applied 

between the working electrode 5 and the counter electrode 6 as 

well as the detectinq electrode 7 for about five seconds by the 



78 

current/voltage conversion circuit 118a. 

At this point Of time, a current proportional to the 

concentration of a substrate in the-' •pecimen is generated 

between the working electrode 5 and-the counter electrode 6 as 

well as the detecting electrode 7. :'::~he current is converted to 

a voltage by t.he current/voltage co~version circuit llBa, and 

the voltage value is converted to a pulse by the A/D conversion 

circuit 119a to be outputted to the CPU 120. The CPU 120 

counts the number of pulses to calculate a response value, and 

the result is displayed on the LCD 121. 

While the detecting electrode 6 is always connected to tbe 

ground· here, a quantification apparatus M2 is also possible, 

which is provlded with a switch 116b between the detecting 

electrode 7 and the ground, and controls ON/OFF of the 

connection between the detecting electrode 7 and the ground,- as 

shown in figure 14. When the biosensor A is connected to the 

connectors 115a to 115c of the so-constructed quantification 

apparatus M2, the switch 116a is turned off under the control 

of the CPU 120, .leading to a non-connection state between the 

counter electrode 6 and· the 9round, while the switch 116b is 

turned on, and a prescribed voltage is applied between the 

working electrode 5 and the detecting electrode 7. Thereafter, 

the switch 116b remains in the ON-state from the start of the 

specimen drawing by the biosensor A until the quantification 

operation of the quantification apparatus M2 is finished, and 
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the quantification operation is the same as that of-the above-

described quantification apparatus Ml. 

Then, respective electrode area,s of the biosensor 

preferable for measuring the amount:<C>f a substrate included in 

a sample liquid will be described. :.<> 
~ ·,. : . ' . 
.:.: ··~· 

Figure 15 is an enlarged view \j·:f the specimen supply path 

of the biosensor A according to the first embodiment of the 

present invention. It is generally preferable that the areas 

of the counter electrode G, the working electrode s, and the 

detecting electrode 7 in the specimen supply path of the 

biosensor A are such that the area of the counter electrode 6 

is equivalent to or larger than that of the working electrode 5 

to prevent an electron transfer reaction between the electrodes 

from being rate-determined. 

In the sixth embodiment, the detecting electrode 7 of the 

biosensor A is also used as a counter electrode at the 

measurinq, and therefore when the total of the areas of the 

counter electrode 6 and the detecting electrode 7 is equal to 

or larger than the area of the working electrode 5, an electron 

transfer reaction between the respective electrodes can be 

prevented from being rate-determined. For example, when the 

counter electrode 6 and the working electrode 5 have equivalent 

areas, and the area of the detecting electrode 7 is set at 

several-tens percents of the area of the counter electrode 6, 

the area of the counter e1ectrode 6 and detecting electrode 7 



80 

which is equal to or larger than the area of the working 

electrode 5 can be obtained. Further, in order to perform the 

electron transfer reaction between the working electrode 5 and 

the counter electrode 6 as well as the detecting electrode 7 

more uniformly# it is desirable tha~·the respective areas of 

the counter electrode 6 and the detecting electrode 7 adjacent 

to the working electrode 5 are equivalent as shown in figure 15. 

As described above, accordin9 to the quantification method 

employing the biosensor A in the sixth embodiment of the 

present invention, when a specimen is drawn into the specimen 

supply path of the biosensor A and the elecLL'lcal changes occur 

between the detecting electrode 7 and the working electrode S, 

the electrical changes are detected and the quantification 

operation is started in any of the quantification apparatus Ml 

and the quant. i f_i cat i.on apparatus M2. Therefore, it can be 

prevented that the quantification apparatus Ml or M2 is 

inappropriately operated to start the quantification operation 

regardless of a shortage of tl1e specimen amount supplied to the 

biosensor A as in the prior art, which results in erroneous 

operations such as display of erroneous measured values. 

Further, in the present invention, when the amount of 

specimen which can be quantified is supplied to the biosensor A, 

the detecting electrode 7 is used also as the counter electrode 

after the start 0£ the quantification, and thus when the total 

of the areas of the counter electrode 6 and the detecting 
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electrode 7 is at least equivalent to the area of the working 

electrode 5, the electron transfer reaction between the 

electrodes is prevented. from being · rate;..determined, thereby to 

promote the reaction smoothly. At the same time, the capacity 

of the specimen supply path can be downsized, whereby the 

quantitative analysis based on a slight amount of specimen, 

which was conventionally impossible, can be performed properly. 

Further, when the area of the detecting electrode 7 and that of 

the counter electrode 6 are equivalent, the electron transfer 

reaction between the electrodes is performed uniformly, thereby 

obtaining a more satistactory response. 

(Embodiment 7) 

Hereinafter, a quanlification method for quantiiying a 

substrate as defined in Claim.·40 of the present invention and a 

quantification apparatus for quant1fying a substrate as defined 

in Claims 42 to 44 of the present invention, which employ any 

of the biosensors A to D whose electrical conductive layers are 

formed by employing the thin film electrode forming method 

described in the fifth embodiment but which are different from 

those of the above-described sixth embodiment will be described. 

A biosensor which is employed in a following description is 

supposed to be the biosensor A described in the first 

embodiment. 

Figure 16 is a diagram illustrating structures of the 

biosensor A and a quantification apparatus employed in the 
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q~ant~fication method employing the biosensor according to the 

seventh embodiment of the present invention. In the figure, 

the same reference numerals as those shown in figure 13 denote 

the. same or corresponding parts. 

In a quantification apparatus M3, numerals llSa, llSb, and 

l 15c denote connectors connected to .:the working electrode 5, 

the detecting electrode 7, and the counter electrode 6 of the 

biosensor A, respective1y, numeral 116e denotes a selector 

switch which is connected to the connector 115b at one end and 

i.s capab1e of switching the connection between a 

current/voltage conversion circuit ll8b in a latter stage and 

the ground at the other end, numeral 118a denotes a 

current/voltage conversion circuit which is connected to the 

connector 115a and converts a current flowing between the 

working electrode· 6 and other electrode into a voltage to be 

output, numeral ll8b denotes a current/voltage conversion 

circuit which is connected to the connector 115b via the 

selector switch 116c and converts a current flowing between the 

detecting electrode 7 and other electrode into a voltage to be 

output, numerals 119a and ll9b denote A/D conversion circuits 

which are connected to the current/voltage conversion circuits 

llBa and 118b, respectively, and convert the voltage values 

from the current/voltage conversion circuits 118a and. ll8b into 

pulses, numeral 120 denotes a CPU which controls the selector 

switch ll6c and calculates the amounts of substrate included in 
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the specimen based on the pulses from the A/D conversion 

circuits 119a and 119b, and numeral 121 denotes a LCD (liquid 

cryst"al display) which displays a measured value calculated by 

the CPU 120. 

Hereinafter, a description will ,.be given of the operations 
. ·, 

of the biosensor A and the quantification apparatus M3 

according to the seventh embodiment of the present invention 

when the amount of substrate included in a specimen is measured 

by the quantification method employing the biosensor A. 

First, when the biosensor A is connected to the connectors 

115a-115c or the quantification apparatus M3, the selector 

switch 116c is connected to the current/vo1tage conversion 

circuit 118b under the control of the CPU 120, and a prescribed 

voltage is applied between the counter electrode 6 and the 

working electrode 5 as well as between the counter electrode 6 

and the detecting electrode 7. The currents generated between 

the counter electrode 6 and the workinq electrode 5 as well as 

between the counter electrode 6 and the detecting electrode 7 

are converted to voltages by the current/voltage conversion 

circuits 118a and 118b, respectively, and are further converted 

to pulses by the A/D conversion circuits 119a and 119b. 

Next, when the specimen is supplied to the inlet 9a of the 

specimen supply path of the biosensor A, the specimen is drawn 

into the specimen sµpply path, passes throuqh on the counter 

electrode 6 and the working electrode 5 1 and reachea the 
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detecting electrode 7. At this point of time, the reagent 

layer 12 is dissolved by the specimen and an oxidation­

reduction reaction occurs, and electrical c~anges occur between 

the counter electrode 6 and the working electrode 5 as well as 

between the counter electrode 6 and the detecting electrode 7. 

The CPU 120 detects that the electrical changes have 

occurred between the counter electrode 6 and the working 

electrode 5 as well as between the counter electrode 6 and the 

detecting electrode 7 from the pulses inputted from the A/D 

conversion circuits 119a and 119b, and confirms that the amount 

of specimen which can be quantified has been supplied to the 

specimen supply path of the biosensor A. 

Then, the CPU 120 makes the selector switch 116c to be 

connected to the ground, and controls the current/voltage 

conversion circuit 118a not to supply the voltage for a 

prescribed period of time, so that a reaction between the 

reagent layer 12 formed on the respective electrodes and the 

specimen is promoLed. 

After the passage of the prescribed period of time, the 

prescribed vo1tage is applied between the working electrode 5 

and the counter electrode 6 as well as the detecting electrode 

7 for about five seconds by the current/voltage conversion 

circuit 118a, the CPU 120 calculates a response value based on 

its current, and the result is displayed on the LCD 121. 

However, in a case where the current is generated between 
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the counter electrode 6 and the working electrode 5 by the 

supply of the specimen to the specimen supply path but no 

current is thereafter generated between the counter electrode 6 

and the detectin9 electrode 7 for the prescribed period of time, 

the CPU 120 judges that there is a shortage of the specimen 

amount, and this is displayed on the LCD 121. Even when the 

specimen is supplemented to the specimen supply path after the 

LCD 121 once disp1ays that there is a shortage of the specimen 

supply, the CPU 120 does not start the quantification operation. 

As described above, according to the quantification method 

employing the biosensor in the seventh embodiment of the 

present invention, when the specimen is drawn into the specimen 

supply path of the biosensor A, and electrical changes occur 

between the counter electrode 6 and the working electrode 5 

while no electrical ehange occurs between the counter electrode 

6 and the detecting electrode 7, the quantification apparatus 

M3 displays on the LCD 121 that there is a shortage of the 

specimen supply and informs a user of the fact, thereby 

enhancing the convenience and safety at the measuring. 

(Embodiment 9) 

Hereinafter, a quantification method for quantifying a. 

substrate as defined in Claim 39 or 40 of the present invention 

and a quantification apparatus for quantifying a substrate as 

defined in Claims 42 to 44 of the present invention, which 

employ any of the biosensors A to D whose electrical conductive 
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layers are formed by employing the thin film electrode forming 

method described in the fifth embodiment but are different from 

those of the above-described sixth and seventh embodiments will·· 

be described. The biosensor employed in a following 

description is supposed to be the biosensor A described in the 
........ :~ 

first embodiment. 

Figure 17 is a diagram i1lustratin9 structures of the 

bioseneor A and a quant-ification apparatus employed in the 

quantification method employinq the biosensor according to the 

eighth embodiment of the present invention. In the figure, the 

same reference numerals as those shown in figure 16 denote the 

same or corresponding parts. 

The structure of the quantification apparatus M4 in the 

eighth embodiment is basically the same as that in the seventh 

embodiment, while the structure is such that a selector switch 

116d is added between the connector 115a and the 

current/voltage conversion circuit 118a of the quantification 

apparatus M4 and the connection of the working electrode S can 

be switched between the current/voltage conversion circuit 118a 

and the ground. 

Hereinafter, the operations of the biosensor and the 

quantification apparatus when the amount of substrate included 

in a specimen is quantified by the quantification method 

employing the biosensor according to the eighth embodiment of 

the present invention will be described with reference to 
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figure 17. 
.· .. 

First, when the biosensor A iEr·_.ponnected to the connectors 

115a-ll5c of the quantification ap~aratus M4, the selector 
·'· ., 

switches 116d and 116c are connect~~:;:to the current./voltage 
. : ~: :}" .·. 
~;· ~·.~ .. 

conversion circuits 118a and ll8b ~,~~er control of the CPU 120, 

respectively, and a prescribed vo1t:~~e is applied between the 

counter electrode 6 and the working electrode 5 as well as 

between the working electrode S and the detecting electrode 7. 

Currents generated between the counter electrode 6 and the 

working electrode 5 as well as between the working e1ectrode S 

and the detecting electrode 7 are converted to vo1tages by the 

current/voltage conversion circuits 118a and llBb,· respectively, 

and are further converted to pu1sesby.the A/D conversion 

circuits 119a and ll9b. 
. . 

Next, the specimen is supp1ied to the inlet 9a of the 

specimen supply path of the biosensor A and drawn into the 

specimen supply path, and when it covers the working electrode 

5 1 electrical changes occur between the counter electrode 6 and 

the working electrode 5. ~he CPU 120 detects the electrical 

changes from the pulse inputted from the A/D conversion circuit 

119a, and connects the selector switch ll6d to the ground. 

When the specimen reaches the detecting electrode 7, 

electrical changes occur between the working electrode 5 and 

the detectinq electrode 7. The CPU 120 detects the electrical 

changes from the pulse inputted from the A/D conversion circuit 



88 

119b, and confirms that the spec:Unen·is sufficiently supplied 

to the specimen supply path. 
,. ,,.._ 

•' 

Then, the CPU 120 makes the selector switch ll6d to be 
. ··~· 

connected to the cur.rent/voltage co~yersion circuit 118a as 

well as the selector switch 116c to·~'.-J)e connected to the ground, 

to control the current/voltage conv~'rsion circuit. 118a not to 

supply the voltage for the prescribed period of time, so that a 

reaction between the reagent layer 12 formed on the respective 

electrodes and the specimen is promoted. 

After the passage of the prescribed period of time, the 

prescribed voltage is applied between the working electrode 5 

and the counter electrode 6 as well.as the detecting electrode 

7 for about five seconds by the current/voltage conversi·on 

circuit llBa, and the CPU 120 calculates the amount of . 
substrate included in the specimen based on its current, and 

its measured value is displayed on t.lie LCD 121. 

However, in a case where the current is generated between 

the counter electrode 6 and the working electrode 5 by the 

supply of the specimen to the specimen supply path but no 

current is generated between the working electrode 5 and the 

detecting electrode 7 for the prescribed period of time 

thereafter, the CPU 120. judges that there is a shortage of the 

specimen amount, and this is displayed on the LCD 121. Even 

when the specimen is supplemented to the specimen supply path 

after the LCD 121 once displays that there is a shortage of the 
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specimen supply, the CPU 120 does not start the quantification 

operation. 

As described above, according to the quantification method 

employing the biosensor of the eighth embodiment of the present 

invention, when the· specimen is drawn into the specimen supply 

path of the biosensor A, and electr.ical changes occur between 

the counter electrode 6_ and the working electrode 5 while. no 

electrical change occurs between the working electrode 5 and 

the detecting e1ectr.ode 7, the quantification apparatus M4 

displays on the LCD 121 that there is a shortage of the 

specimen supply and informs a user of the fact, thereby 

enhancing the convenience and safety at the measuring. 

While the biosensor is deserib~d as an enzyme sensor in 

the above-described sixth to eighth embodiments, a biosensor 

which employs a reagent such as an antibody, a microorganism, a 

DNA, and a RNA in addition to the enzyme can also be the 

similar one. 

APPLICABILITY IN INDUSTRY 

As· described above, the biosensor according to the present 

invention can be formed by a simple manufacturing method, as 

well as a biosensor which is excellent in a measurinq accuracy, 

a biosensor in which a reagent layer is placed uniform1y on 

electrodes regardless of a reagent liquid composition, resulting 

in an uniform performance, a biosensor which can keep the 
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performance constant without affecting an area of an electrode 

when the support is cut, and a biosensor which enables a 

discrimination of correction data for each production lot only 

by being inserted without a correct±on chip inserted can be 

obtained, .and further the thin film.electrode forming method 

according to the invention is suitable for forming an electrical 

conductive layer of the biosensor, and further the method and 

the apparatus for quantification according to the invention are 

quite useful for diagnostics a slight amount of specimen. 
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CI.AIMS· 

1. A biosensor for quantifying a substrate included in a 

sample liquid comprising: 

a first insulatinq support and a second insulating 

support; 

an electrode part comprising at least a working electrode 

and a counter electrode; 

a specimen supply path for introducing the sample liquid 

to the electrode part; and 

a reagent layer employed for quantifying the substrate 

included in the sample liquid, 

the electrode part, the specimen supp1y path, and the 

reagent layer existing between the first insulating support and 

the second insulating support, 

the specimen supply path being provided on the electrode 

part, and the reagent layer beinq provided on the electrode 

part in the specimen supply path, respectively, and 

the electrode part being dividedly formed by first.slits 

provided on an electrical conductive layer which is formed on 

the whole or part of an internal surface of one or both of the 

first insulating support and the second insulating support. 

2. The biosensor as defined in Claim 1, wherein 

the electrode part further comprises a detecting 

electrode. 
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3. The biosensor as defined in Claim 2, wherein 

the counter electrode is provided on the whole or part of 

the internal surface of the second insulating support, 

the working electrode and the detecting electrode arc 

provided on the whole or part of the internal surface of the 

first insulating support, and 

the working electrode and the detecting electrode which 

are provided on the internal surface of the first insulating 

support are dividedly formed by the first s1its provided on the 

electrical conductive layer. 

4. The biosensor as defined in Claim l or 2, wherein 

the electrode part is provided on the whole or part of 

the internal surface of only the first insulating support, and 

the electrode part provided on the internal surf ace of 

the first insulating support is dividedly formed by the fist 

slits provided on the electrical conductive layer. 

5. The biosensor as defined in any of Claims 1 to 4, wherein 

an area of the counter ele~trode is equal to or larger 

than that of the working electrode. 

6. The biosensor as defined in any of Claims 1 to 4, wherein 

a total of an area of the counter electrode and an area 

of the detecting electrode is equal to or larqer than that of 

the working electrode. 

7. The biosensor as defined in Claim 6, wherein 

the area of the detectin9 electrode in the specimen 
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supply path of the biosensor is equal to the area of the 

counter electrode. 

B. The biosensor as defined in any of Claims 1 to 7, wherein 

a spacer is provided which has a cutout part for forming 

the specimen supply path and is placed on the e1ectrode part, 

and· 

the second insulating support is placed on the spacer. 

9. The biosensor as defined in Claim 8, wherein 

the spacer and the second insulating support is integral. 

10. The bio~ensor as defined in any of Claims 1 to 9, wherein 

an air hole leading to the specimen supply path is formed. 

11. The biosensor as defined in any of Claims 1 to 10, wherein 

the reagent layer is formed by dripping a reagent, and 

second slits are provided around a position where the 

reagent is dripped~ 

12. The biosensor as defined in Claim 11, wherein 

the second slits are arc shaped. 

13. The biosensor as defined in any of Claims 1 to 12, wherein 

third slits are provided for dividing the electrical 

conductive layer to define an area of the electrode part. 

14. The biosensor as define in Claim 13, wherein 

shapes of the first insulating support and the second 

insulating support are approx.ilnately rectangular, and 

one third slit or two or more third slits are provided in 

parallel with one side Of the approximate rectangle shape. 
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15. The biosensor as defined in any of Claims 1 to 14 having 

information of correction data generated for each production 

lot of the biosensor, which correspond to characteristics 

concerning output of an electrical change resulting from a 

reaction between the sample liquid and the reagent layer and 

can be discriminated by a mea5uring.device em.ploying the 

biosensor. 

16. ~he biosensor as defined in Claim 15, wherein 

one or plural fourth slits dividing the electrode part 

are provided, and 

the measuring device can discriminate the information or 

the correction data accordinq to positions of the fourth slits. 

17. The biosensor as defined in any of Claims 1 to 16, 

wherein 

at least one or all of the first slits, the second slits, 

the third slits, and the fourth slits are formed by processing 

the electrical conductive layer by a laser. 

18. The biosensor as defined in Claim 17, wherein 

a slit width of respective one of the fist slits, the 

second s1its, the third slits, and the £ourth slits is 0.005 mm 

to 0.3 nun. 

19. The biosensor as defined in Claims 17 and 18, wherein 

a slit depth of respective one of the fist slits, the 

second slits, the third slits, and the fourth slits is equal to 

or larger than the thickness of the electrical conductive layer. 
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20. The biosensor as defined in any of Claims 1 to 19, 

wherein 

the reagent layer includes an enzyme. 

21. The biosensor as defined in any· or Claims 1 to 19, 

wherein 

the rea9ent layer includes an electron transfer agent. 

22. The biosensor as defined in any of Claims 1 to 19, 

wherein 

the reagent layer includes a hydrophilic polymer. 

23. The biosensor as defined in any of· claims 1 to 22, 

wherein 

the insulating support is made of a resin material.· 

24. A thin film electrode forming method for forming a thin 

film electrode on a surface of an insulating support including: 

a roughened surface forming step of roughening the surf ace 

of the insulating support by colliding an excited gas against 

the surface of the insulating support in a vacuum atmosphere; 

and 

an electrical conductive layer forming step of forming the 

electrical conductive layer as a thin film electrode which is 

composed of a conductive substance on the roughened surface of 

the insulating support. 

25. ~he thin film electrode forming method as defined in 

Claim 24, wherein 

the rouqhed surface forming step comprises: 
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a support placing step of placing the insulating support 

in a vacuum chamber; 

an evacuation step of evacuating the vacuum chamber; 

a gas fillinq step of filling.up the vacuum. chamber with 

a gas; and 

a colliding step of exciting the gas to be ionized and 

colliding the same against the insulatin9 support. 

26. The thin film electrode forming method as defined in 

Claim 25, wherein 

a degree of the vacuum in the evacuation step is within a 

range of 1X10-1 to 3x10-3 pascals. 

27. The thin film electrode forming method as defined in 

Claim 26, wherein 

the gas is an inert gas. 

28. The thin film electrode forming method as defined in 

Claim 27, wherein 

the inert gas is either a rare gas of argon, neon, helium, 

krypton, and xenon, or nitrogen. 

29. The thin film electrode forming method as defined in any 

of Claims 24 to 28, wherein 

the electrical conductive layer forming step comprises: 

a second support placing step of placing an insulating 

support having an already roughened surface, which has been 

subjected to the roughened surface forming step, in a second 

vacuum chamber; 
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a second evacuation step of evacuating the second vacuum 

chamber; 

a second gas filling step of filling up the second vacuum 

chamber with a second gas; and 

a step of exciting the second :c;J·as to be ionized and· 

colliding the same against a conduct_ive substance to beat out 

atoms of the conductive substances, to form a film on the 

insulating support having the already roughened surface. 

30. The thin film electrode forming method as defined in any 

of Claims 24 to 28, wherein 

the electrical conductive 1ayer forming step comprises; 

a second support placing step of placing an insulating 

support having an already rou9hened surface, which has been 

subjected to the roughened surface forming step, in a second 

vacuum chamber; 

a second evacuation step of evacuating the second vacuum 

chamber; and 

a step of heating and evaporating a conductive substance 

to deposit steams as a film on the insulating support having 

the already roughened surface. 

31. The thin film electrode forming method as defined in 

Claim 29 or 30, wherein 

a degree of the vacuum in the second evacuation step is 

within a range of 1Xl0-1 to 3 x io-3 pascals .. 

32. The thin tilm electrode forming method as defined in any 
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of Claims 29 to 31, wherein 

the second 9as is an inert gas. 

33. The thin film electrode forming method as defined in 

Claim 32, wherein 

the inert gas is either a rare gas of argon, neon, helium, 

krypton and xenon, or nitrogen. 

34. The thin film electrode forming method as defined in any 

of Claims 29 to 31, wherein 

the vacuum chamber and the second vacuum chamber is the 

same ehamber. 

35. The thin film electrode forming method as de!ined in any 

of Claims 29 to 34, wherein 

the conductive substance is a noble metal or carbon. 

36. The thin fil~ electrode forming method as defined in any 

of Claims 24 to 35, wherein 

a thickness of a formed thin film electrode is within a 

range of 3 nm to 100 run. 

37. The biosensor as defined in any of Claims 1 to 23, 

wherein 

the electrical conductive layer is formed by 

the thin film electrode forming method as defined in any 

of Claims 2°4 to 36. 

38. A quantification method for quantifying, by employing the 

biosensor as defined in any of Claims 1 to 23 and 37, a 

substrate included in a sample liquid supplied to the biosensor 
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comprising: 

a fist application step of applying a voltage between the 

detecting electrode and the counter electrode or the working 

elect.rode; 

a sample liquid supplying step of supplying the sample 

liquid to the reagent layer; 

a first change detecting step of detecting an electrical 

change occurring between the detecting electrode and the 

counter electrode or the working electrode by the supply of the 

sample 1iquid to the reagent layer; 

a second applicatio·n step of applying a voltage between 
• 

the working electrode and the counter electrode as well as the 

detecting electrode after the electrical change is detected in 

the first change step; and 

a current measuring step of measuring a current generated 

between the working electrode and the counter electrode as well 

as the detecting electrode, to which the voltage is applied in 

the second application s~ep. 

39. A quantification method for quantifying, by employing the 

biosensor as defined in any of Claims 1 to 23 and 37, a 

substrate included in a sampl.e liquid supplied to the biosensor 

comprising: 

a third application step of applying a voltage between the 

detecting electrode and the counter electrode or the working 

e1ectrode as well as between the working electrode and the 
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counter electrode; 

a sample liquid supplying step of supplying the sample 

liquid to the reagent layer; 

a first change detecting :step of detecting an electrical 

change occurring between the detecting electrode and the 
: ... 

counte.r electrode or the working electrode by the supply of the 

sample liquid to the reaqent layer; 

a second cban9e detecting step of detecting an electrical 

change occurring between the working electrode and the counter 

e1ectrode by the supply of the sample liquid to the reagent 

layer; 

a second application step of applying a voltage between 

the working e1ectrode and the counter e1eetrode as we11 as the 

detecting electrode after the electrical changes are detected 

in the first change detecting step and the second change 

detecting step; and 

a current measuring step of measuring a current generated 

between the working electrode and the counter electrode as well 

as the detecting electrode, to which the voltage is applied in 

the second application step. 

40. The quantification method as defined in Claim 38 or 39, 

wherein 

the second change detecting step is followed by -·· 
a no-change informing step of informing a user that no 

change occurs when it is detected that no electrical change 
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occurs between the detecting e1ectrode and the counter 

electrode or the working electrode for a prescribed period of 

time. 

41. A quantification apparatus, to which the biosensor as 

defined in any of Claims 1 to 23 and37 is detachably connected 

and which quantities a substrate included in a sample liquid 

supplied to the biosensor comprising: 

a first current/voltage conversion circuit for converting 

a current from the working electrode included in the biosensor 

into a voltage; 

a first A/D conversion circuit for digitally converting 

the voltage from the current/voltage conversion circuit; 

a first switch provided between the counter electrode 

included in the biosensor and the ground; and 

a control part for controlling the fist A/D conversion 

circuit and the first switch, 

the control part 

applying a voltage between the detecting electrode and 

the working electrode in a state where the first switch is 

insulated from the counter electrode, 

detecting an electrical change between the detecting 

electrode and the working electrode occurring by the sample 

liquid which is supplied to the reaqent layer on the specimen 

supply path, 

thereafter applying a voltage between the working 
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electrode and the counter electrode as well as the detecting 

electrode in a state where the first switch is connected to the 

counter electrode, and 

measuring a current generated by applying the voltage. 

42. A quantification apparatus, to which the biosensor as 

defined in any of Claims 1 to.23 and 37 is detachably connected 

and which quantifies a substrate included in a sample liquid 

supplied to the biosensor comprising: 

a first current/voltage conversion circuit for converting ,.. 

a curr.ent from the working electrode included in the biosensor 

into a voltage; 

a second current/voltage conversion circuit for converting ... . 
a current from the detecting electrode included in the 

biosensor into a voltage; 

a first A/D conversion circuit for digitally converting 

the voltage from the first current/voltage convers.ion circuit; 

a second A/D conversion circuit for digitally converting 

the voltage from Lhe second current/voltage conversion circuit; 

a first selector switch for switching the connection of 

the detecting electrode of the biosensor to the ~irst 

current/voltage conversion circuit or the ground; and 

a control part for controlling the fist A/D conversion 

circuit, the second A/D conversion oircuit, and the first 

selector switch, 

the control part 
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applying a voltage between the detecting electrode and 

the counter e~ectrode as well as between the working electrode 

and the counter electrode in a state where the first selector 

switch is connected to ~he first current/voltage conversion 

circuit, 

detecting an electrical change between the detecting 

electrode and the working electrode as well as an electrical 

change between the working electrode and the counter electrode, 

respectively, occurring by the sample liquid which is supplied 

to the reagent layer provided on the specimen supply path, 

therearter connecting the first selector switch to the 

.ground,· 

applying a voltage between the working electrode and the 

counter electrode as well as the detecting electrode, and 

measurlng a current generated by applying the voltage. 

43. The quantification apparatus as defined in Claim 42 

comprising: 

a second selector.switch for switchlng the connection of 

the working electrode of the biosensor to the second 

current/voltage conversion circuit or the ground, and 

the control part 

applying a voltage between the detecting electrode and 

the counter electrode as well as between the working electrode 

and the counter electrode in a state where the first selector 

switch is connected to the first current/voltage conver&ion 
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circuit and the second selector switch is connected to the 

second current/voltage conversion circuit, res·pectively, 

connecting the second selector switch to the ground when 

detecting an electrical change between the working electrode 

and the counter electrode, occurring.by the sample liquid which 

is supplied to the reagent layer provided on the specimen 

supply path, and 

when thereafter detecting an electrical change between 

the detecting electrode and the working electrode, in a state 

where the second selector switch is connected to the second 

current/voltage conversion circuit and the first selector 

switch is connected to the ground, 

applying a voltage between the working electrode and the 

counter electrode as well as the detecting electrode, and 

measuring a current generated by applying the voltage. 

44. The quantification apparatus as defined in Claim 42 or 43 

comprising an informinq means for informing a user that no 

change occurs, when the sample liquid is supplied to the 

reagent layer of the specimen supply path, and the control part 

detects that an electrical change occurs between the work~ng 

electrode and the counter electrode but no electrical change 

occurs between the detecting electrode and the working 

electrode or the counter electrode. 


